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INTRODUCTION 
In general, individuals of a species differ on a great variety of characteris-
tics. The differences may refer to physical features; often they refer to psycholo-
gical traits as well. Differences in physical characteristics can be reduced to differ-
ences in genetic endowment and differences in the environment, individuals grow up in. 
Can differences in psychological characteristics also be reduced to differences in 
genetic endowment and differences in the environment, individuals grow up in ? 
In psychology, research on learning has always been one of the most important 
topics. Early learning theorists already emphasized the possibilities for a change 
in behaviour as a result of learning. Modificability of behaviour, resulting from 
learning was so impressive that many psychologists questioned the existence of gene-
tic determinance of behaviour. Well-known is Watson's (1930) often cited remark: 
"Give me a dozen healthy infants, well formed, and my own specified world to bring them 
up in, and I'll guarantee to take anyone at random and train him to become any type 
of specialist I might select -doctor, lawyer, artist, merchant-chief and yes, even 
beggerman and thief, regardless of his talents, penchants, tendencies, abilities, voca-
tion, race of his ancestors". This remark, however, he followed up with a sentence, 
which is seldom quoted: "I am going beyond my facts and I admit it, but so have the 
advocates of the contrary and they have been doing it for many thousands of years". 
In the course of time psychologists began to realize that a classification of 
behaviours into two categories, innate behaviour and learned behaviour, was not ten-
able. "The dichotomy, carried to its logical conclusion, would define innate behavior 
as that which appeared in the absence of environment, and learned behavior as that 
which required no organism" (Fuller and Thompson, 1960). According to Fuller and 
Thompson the dichotomy should not be made with respect to the kind of behaviour stu-
died (the dependent variable), but with respect to the independent variables, which 
are manipulated or observed. 
In the development of every psychological characteristic genetic as well as en-
vironmental determinance are involved. The variation among individuals with respect to 
a specific characteristic is determined by genetic determinants and by environmental 
determinants. Two questions, then, arise: 1) what part of the variation is explained 
by hereditary factors and what part by environmental determinants, and 2) what are 
the mechanisms involved in the genetic and environmental determination of psychologi-
cal features or traits. Work on the genetics of behaviour has been reviewed by Fuller 
(I960), Fuller and Thompson (1960), McClearn and Meredith (1966), McClearn (1970), 
Wahlsten (1972), Broadhurst et al. (1974. 
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Many traits do show continuous variation. A study by Fisher (1918) made it 
possible to analyse the genetics of those traits. Fisher demonstrated that Mendel's 
principles might be used to explain the genetics of traits, characterized by "blen­
ded inheritance". The main assumption underlying his study was that a character is 
controlled by many genes, if it shows a normal distribution and is measured at an 
ordinal or even interval level. Assuming η relevant genes, 3 genotypes in Mendelian 
sense may occur. Combined with environmental factors this genetic variation explains 
thè large variance usually found in individual values for quantitative traits. 
Fisher's work provided the basis for a biometrical model, which was developed in 
order to single out various components of variation. The model partitions the pheno-
typic variance into a number of additive components. The first step consists of sepa-
rating the phenotypic variance into genotypic variance and environmental variance 
(V " V + V ). It is assumed that no correlation exists between genotype and environ-
r G Б 
ment. The second step consists of partitioning the genotypic variance into a number of 
subcomponents: the variance of the breeding values, also called additive variance; 
the dominance deviations; and interlocus interaction, also called epistatic interac­
tion or epistasis (V - V + V + V ). The breeding value of an individual for a trait 
equals twice the expected deviation of its progeny from the population mean. Because 
of interaction between alleles at the same locus, the breeding value does not necessa­
rily make up the complete genotypic value. The remainder within loci is called domi­
nance deviation. Interaction across loci is called epistatic interaction or epistasis. 
The model may be extended to separate variance due to assortative mating, sex etc. 
Descriptions and extensions of the model are given by Kempthorne (1957), Roberts (1967) 
Malécot (1969), and Mather and Jinks (1971). 
The model makes it possible to unravel the genetic architecture of behaviours 
measured at interval level. Analyses of variance have been devised for a number of 
experimental designs, which are used in genetical experimentation. More or less com-
plete surveys are presented by Falconer (1960) and Mather and Jinks (1971). The model 
underlying the research presented in this thesis, is an elaboration of the basic model 
(cf. chapter I.). 
Behaviour is a biological phenomenon. Especially in higher animals the nervous 
system plays an important role in the control of behaviour. One of the cerebral mecha-
nisms, which has received a lot of attention recently, is characterized by cholinergic 
synaptic transmission. Work on the central cholinergic modelation of state of conscious-
ness, motor activity, food and water intake, emotional behaviour, intracranial self-
stimulation, punished behaviour, learning and memory has been reviewed by Pradhan 
and Dutta (1971). Rosenzweig, Krech and Bennett (1960) demonstrated that two strains 
of rats, selected by Tryon (1940) on maze learning ability in a complex T-maze, signi-
Il 
fïcantly differed in concentration of cerebral acetylcholine (ACh) and in level of 
cerebral acetylcholinesterase (AChE) activity. Both strains, the Tryon maze bright 
strain and the Tryon maze dull strain, also significantly differed with respect to 
learning performance in the Hebb-Williams maze, the Dashiell maze, and the Lashley III 
maze. The strain, which was found to have the highest ACh concentration and the 
highest level of AChE activity, also performed best in these three mazes. Vossen 
(1966) showed that Tryon maze bright and maze dull strains significantly differed with 
respect to various aspects of exploratory behaviour. He suggested that in a novel si-
tuation animals of thè Tryon maze dull strain show a higher and more persistent level 
of activation and a smaller extent of stimulus generalization than animals of the 
Tryon maze bright strain. Within both strains significant negative correlations were 
found between acetylcholinesterase activity in the ventral cortex and sniffing fre-
quency and significant positive correlations between acetylcholinesterase activity 
in parts of the olfactory cortex and frequency of grooming. 
Starting witii two heterogeneous colonies of rats Roderick (1960) succeeded in 
selecting two lines within each of the colonies on the basis of cortical AChE activi-
ty. Bennett et al. (1960) could demonstrate that one of the high AChE activity lines 
also contained a significantly higher cerebral ACh concentration than the low AChE 
activity line. With respect to the strains of the other colonies, no significant 
differences in cerebral ACh concentration were found. Rosenzweig et al. (1960) tested 
animals of the four Roderick lines on learning performance in the Hebb-Williams maze, 
the Dashiell maze and the Lashley III maze. In contradiction to what had been expec-
ted animals of the high AChE lines generally performed worse than animals of the low 
AChE lines. Pryor (1968) did not find significant differences in the AChE activity 
in strains of rats selected for high and low error scores in the Lashle\ TTI maze. 
Working with seven inbred strain-, of mice, Tunnicliff et al. (1973) presented evidence 
for inverse relationship between AChE activity and maintenance of behaviour. 
A ^еііез oí studies employing different rearing conditions in rats were carried 
out by an interdisciplinary group of investigators representing psychology, biochemis-
try, and anatomy (summaries of this research are available in e.g. Rosenzweig, 1966, 
1971 and Bennett et al. , 1964a). The intent of these studies was to examine the ef-
fects on brain chemistry and anatomy of different rearing conditions. Rats raised in 
enriched environments showed a relatively small but significant increase of AChE acti-
vity -especially in the visual cortex- as compared with animals raised in impoverished 
environments. Total cortical weight also was significantly increased (Henderson, 1973). 
Studies on the effects of different rearing conditions on various behaviours, have 
shown that rats reared in small restricted closures, generally, are inferior to rats 
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raised in an enriched environment on tests of problem solving and form discrimina-
tion. Whether these effects are mediated by effects of these rearing conditions on 
AChE activity and brain weight, is an unsolved question untili now. 
The investigations, presented in this thesis, form part of a research project 
on interrelations between brain biochemistry, rearing conditions, learning and explo-
ratory behaviours, which is undertaken by an interdisciplinary group of investigators 
of the department of Comparative and Physiological Psychology, University of Nijmegen, 
the Netherlands. The aim of the present study is threefold: first it is attempted 
to unravel the genetic architecture of various parameters of learning behaviour and 
exploratory behaviour in mice by means of a biometrical method. Secondly in these ani-
mals genetic determinance of cerebral AChE activity, Cholinesterase (ChE) activity, 
cerebral protein content and brain weight are analyzed. Finally, it is attempted to 
reveal correlations between AChE activity, ChE activity, protein content and brain 
weight on the one hand and various parameters of learning behaviour and exploratory 
behaviour on the other. 
Principally, the biometrical method, presented in this thesis, can be extended 
to include rearing conditions as well. In a later phase of the research project, the 
results, obtained in the present study, will be used in a series of investigations, 
in which genetical background as well as rearing conditions will be manipulated and 
their effects on various behaviours determined. This will make it possible to relate 
components of genetic variation to components of environmental variation directly. 
Detection of relationships between these sources of variation is important, because 
in genetics the partitioning of variance into genetic and environmental variation 
does not only refer to the population, which is measured, but to the environment, the 
population has been raised in, as well. 
13 
Chapter I. METHODS 
1.1. BIOMETRICAL METHOD 
The method used in this thesis was the analysis of a set of diallel crosses. 
2 
A complete set of diallel crosses consists of all η matmgs between η inbred strains. 
Males of each strain are mated with females of all strains and consequently females 
of each strain are mated with males of all strains. The genotypes resulting from 
2 . . . . 
the η matings may be entered into a square matrix, as is done in Fig. 1.1. On the 
main diagonal of the matrix the strains themselves are entered. All off-diagonal 
cells contain designations of hybrids, which are called F hybrids since they 
constitute the first generation derived from inbred strains. Genetically the matrix 
is symmetric, but the parental roles of the inbred strains are reversed in the upper 
and lower triangle of the matrix. 
I.1.1. Analysis of variance 
On the basis of the work of Fisher and Mather, Hayman П954а,Ъ) developed an 
analysis of variance to test additive and dominance effects of the genes involved 
in traits which are measured in animals of diallel crosses. Hayman's analysis is 
adopted for the data of the diallel crosses reported in this thesis. The analysis 
of variance is based upon the model: 
y - w + j + j + 1 1 + k + k + k k + b 
rsu r s r s r s r s u 
+ ib + jb + jib + kb + kb + kkb + ε , which is the model 
ru su -^ rsu ru su rsu rsu 
for a randomized block factorial design (of. Kirk, 1968, p237). Definitions of the 
various effects and the tabulation of the expected mean squares are to be found in 
the appendix. The corresponding ANOVA table is entered in Table 1.1. Hayman (1954b) 
presented a further partitioning of jj in three components. 
The rather complicated Hayman analysis is preferred to alternative analyses 
(Wearden, 1964), since it provides tests of maternal effects and of directional do­
minance. Assumptions underlying the model are that diploid organisms are involved, 
that there is no genotypic difference between reciprocal crosses and that epistatic 
interaction does not occur. Within the diallel system it is assumed that multiple 
allelism is absent, that the inbred parents are homozygous at all loci and that genes 
are distributed independently over strains. 
In Hayman's analysis four sources of variation are recognized. The α item tests 
significance of additive genetic variation (j ), i.e. the variation in breeding value 
among the inbred strains. This test is based upon the variation of parental array 
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means (a parental array contains all crosses which have at least one parent in 
common, that is an inbred strain itself and all hybrids derived from it). 
The Ъ item tests for allelic interaction (jj ) accruing from dominance 
effects at the relevant loci. This test is based upon the variance among the sums of 
reciprocal cells which remains after subtraction of the variance traceable to 
breeding values of the strains. The Ъ item is divided into three subcomponents. The 
first.b-., tests for directional dominance, this test being based on the mean deviation 
of the F hybrids from the parental mean. Directional dominance is said to be present 
if a proportional relation exists between the score of an inbred strain and the num­
ber of dominant alleles the strain carries. If, in general, a higher scoring strain 
carries more dominant alleles than a lower scoring strain, a directional dominance 
for high scores is present. Differences, between inbred strains, for the number of 
dominant alleles is tested by the b„ item. The test of the b„ item is based on the 
variance of the deviations of the F hybrids from common parents. The remaining 
source of dominance variation (the b, item) stems from unique deviations of F hy-
(5 1 
brids from the mean of their parents (midparents). The Ь item is a proper inter­
action term and may also arise in the case of epistatic interaction. 
The last two items, о and d, test for difference between reciprocal crosses. 
The test on the о item is based on the variation,among inbred strains, with respect 
to the differences between the mean of the F hybrids for which the strain is the 
male parent, and the mean of the F. hybrids for which the strain is the female parent. 
o, therefore, tests maternal influences such as extrachromosomal heredity and mater­
nal care. The remaining variation between reciprocal crosses is tested for by the d 
item. This variation stems from unique reciprocal differences. The d item may be 
significant in cases where maternal care of a strain is different for different F 
hybrids and the systematic sources of maternal care, -i.e. the с item, does not ex­
plain reciprocal differences exhaustively. 
In the analytic design developed by Hayman (1954b) each effect is tested against 
the interaction between the effect and randomized blocks. In a randomized block de­
sign the variance within groups is estimated by the variance between the means of 
replications (Guenther, 1964). In this thesis, litters are used as observational 
units. Consecutive litters constitute the randomized blocks. The first block con­
tains the first bred litters of all crosses, the second block all second bred litters 
and so on. The variance between litter means is used as an estimation of the varia­
tion within genotypes and as appropriate error source. Interactions are calculated 
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according to the following procedure. For each block the sum of squares is cal­
culated for each effect. These sums of squares are summed over blocks. A block of 
sums is formed by summing the corresponding cells of all individual blocks. The sums 
of squares for all items are calculated for the block of sums and divided by the num­
ber of blocks. The difference betveen the summed sums of squares of the individual 
blocks and the divided sum of squares of the block of sums, equals the interaction 
between the effect and the randomized blocks. The degrees of freedom for an inter­
action are defined as the product of the degrees of freedom for the effect and the 
number of blocks minus one (cf. Appendix; Table 1.1.)· 
The consecutive litters are considered to be random replications of each other. 
This assumption is tested by the variance between block totals. The most appropriate 
error source is the interaction of the total variation and blocks. If the blocks 
differ significantly, the block X effect interactions may still be used as error 
estimates, since the block variation does not enter the mean squares of the interac­
tions between effects and blocks (error terms). 
Because of the homozygosity of the parental strains, all animals within each 
cell and its reciprocal, have the same genotype. They do differ, however, in sex. 
This difference was examined in all analyses by introducing a factor sex. Thereto, 
a complete analysis of variance was done on the difference between the means of male 
and female littermates. The squared sum of all entries of the block of sums yields 
the sum of squares for sex, which is tested against the variation of the totals of 
the individual blocks. The interactions between sex and additive variation and be­
tween sex and dominance effects, are tested against their replications. 
1.1.2. The V , W graph 
г г 
Jinks and Hayman (1953) demonstrated that, assuming epistasis to be absent, 
a simple relation holds between the variances (V ) within parental arrays and the 
covariances (U ) of the parental arrays and the diagonal cells, i.e. the non-recurring 
parents. The differences between W and V are constant for all arrays, in other 
words the regression of W on V yields a slope of 45°. Mather and Jinks (1971) 
reconmend an analysis of variance of the differences W - V , taking blocks as repli­
cations, and a joint regression analysis over blocks as empirical tests of this re­
lationship. The term "joint" regression analysis has been used by Mather (1949) 
since all individual W and V values are used to calculate the regression line, dis­
regarding blocks. In addition to this procedure it is possible to calculate the re­
gressions of W on V within blocks. The constancy of the differences W - V are 
ь
 г г ' г г 
tested against their variation over blocks. "If they are constant, the data are held 
to conform to a simple additivity-domi-unce model. A regression analysis is done 
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for the W values on the V values of all blocks. The variance explained by the 
regression and the variance among blocks, are contrasted with the remaining vari-
ance. 
The slope and the intercept of the joint regression are determined together 
with their error. The error of the slope is defined as the square root of the co-
variance of W -and V divided by the variance of V . The deviation of the slope from 
r r r 
unity is determined by a t-test. The deviation of the V , W points from the re-
gression line is adopted as error for the intercept. The deviation of the intercept 
from zero is determined by a t-test. 
If and only if 1) the differences W - V are constant, 2) the slope does not 
deviate from unity, and 3) a significant part of the variation is explained by the 
regression of W on V , an interpretation of the results of the V , W graph is 
allowed. Jinks and Hayman (1953) showed that on the regression line the points of 
the parental arrays carrying the largest number of dominant alleles are situated 
towards the lower, left part of the graph (see Fig. I.2.). The strains carrying the 
largest number of recessive alleles are to be found at the right, top-portion of the 
graph. From the magnitude of the intercept, inferences can be made about dominance 
effects. If the intercept is positive, partial dominance is present. If it equals 
zero, dominance is complete. If a negative intercept occurs, most probably dispersion 
of genes is present. Genes are dispersed if the conditional chance that a strain 
carries a dominant allele at a specific locus, provided it carries a dominant allele 
at another locus, is smaller than the absolute chance of carrying a dominant allele 
at any locus. The phenomena -dispersion of genes- and its counterpart -association 
of genes- present "departures from independence of the genes in their distribution 
among the parental lines". "When the parents with reinforcing combinations of genes 
are in excess, the genes may be said to be predominantly associated. When the parents 
with balancing combinations of genes are in excess, the genes may be said to be 
predominantly dispersed". (Mather and Jinks, 1971, p280). In dispersion of genes in-
bred strains, carrying dominant alleles at complementing loci, produce F hybrids 
carrying a dominant allele at more loci than either of their parents. In the absence 
of dominance, all points should cluster around a single point. 
1.1.3. The heritability in the narrow sense 
Jinks and Hayman (1953) demonstrated that the components of a simple additivi-
ty-dominance model can be estimated from statistics like the parental variance, the 
variance of array means, and the covariance of the array means with the array of 
the parents. A detailed description of the method has been given by Mather .and 
Jinks (1971). 
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These authors derived estimates of four components: D, Η., H , and F. If, and only 
if the parents carry equal numbers of increasing and decreasing alleles, the inter­
pretation of these components is straightforward: D estimates the additive genetic 
effects, H and H measure dominance effects. F stands for a component of variation 
which depends on the relative frequencies of increasing and decreasing alleles, and 
on the magnitude and sign of the mean deviation of the F hybrids from the parental 
mean. If the number of increasing alleles equals the number of decreasing alleles, 
F equals zero. If, however, the dominant alleles are in excess, F is positive, D is 
not restricted to additive effects, and both H components underestimate the dominance 
effects. 
The components may be derived from the four comparisons: 
V p = D + E p 
V- - 10 + IH, - ІН2 - JF + (n-l)/2n
2
 X E F + E p/n
2 
V 1 - 1H2 + (n-l)/2nX Ep + Ep/n 
W- = iD - IF + Ep/n, where 
V_ • variance of the inbred strains, 
V- • variance of array means, 
V - interaction between maternal and parental parents, 
W- ™ covariance between the array means and the сошюп parent, 
E • error variance of the parental means, 
£_ » error variance of the F means. 
г 1 
Several statistics may be derived from the relative magnitudes of these components. 
2 
A well known statistic is the heritability in narrow sense (h ), normally de­
fined as the ratio of the variance of the breeding values and the variance of pheno-
typic values. In spite of its great popularity, the generalizability of this statis­
tic must be considered low, because its magnitude does not only depend on the gene­
tic population measured, but also on the situation one measures in. Other statistics 
like the consistency of the ratio of breeding value and dominance over loci, the 
mean value of the product of the proportions of dominant and recessive alleles, and 
the dominance ratio are considered of limited value when derived from rather small 
diallele as reported in this thesis. 
2 
For some variables reported in this thesis, the derivation of h gave rise to 
serious problems such as negative estimates of variance components. Only in case no 
2 
difficulties ansed, h was reported. 
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1.1.4. Implications for adaptive value, natural selection and 
evolutionary history 
In each population those individuals are best adapted to the environment, 
who possess features, that enhance their chance for survival and reproduction. 
Better adapted organisms have a fairer chance to get offspring, г.е. to donate their 
genes to subsequent generations or genepools. Given a coherence between genotype 
and adaptedness of phenotypes, natural selection will have hold upon the population 
by way of phenotypes, since some phenotypes will be favoured by their environment. 
In this connection natural selection may be defined as "the nonrandom differential 
perpetuation of varying genotypes ..." (Mettler and Gregg, 1969, p90). 
According to theories mainly developed by Mather and his Birmingham school, 
three kinds of selection may be distinguished: stabilizing, directional and disrup­
tive selection. With regard to all three kinds it holds that "selection tends to 
maximize the fitness of the population" (Mettler and Gregg, 1969, p90). Natural se­
lection, however, will shape the genetic constellation of the population in differ­
ent ways. 
In віаЬъЪъг пд selection one level of expression of the trait is adaptively 
superior and will be favoured. The phenotype mostly resembling the mean of the po­
pulation is best adapted. The frequency of rearing in a new environment (section III. 
probably is an example of a trait, which has been subjected to stabilizing selec­
tion. Mice, rearing too infrequently, explore insufficiently their surroundings to 
detect dangers; animals reconnoitering too boldly, run a high risk to fall a prey 
to possible dangers. An intermediate optimum exists for the frequency of this be­
haviour and natural selection will tend incessantly to purge the population of ex­
tremes. , 
With regard to a trait, a population is to be taken as the collection of genes 
involved in that trait, which are dominant or recessive and increase or decrease the 
expression of the feature. Those genes may be said to be increasing genes or "in-
creasers" which tend to maximize the phenotypic expression of the trait. An indivi­
dual is considered a sample from the genepool. Those samples will be favoured by 
natural selection, that contain increasing alleles at some loci as well a^ decreasing 
alleles at others. Linkage of increasers and decreasers, therefore, is a favourable 
genetic mechanism, since in case of linkage, chance is enhanced that increasers 
neutralize decreasers. Lines, selected for a trait, which has been subjected to 
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stabilizing selection, will show delays in response to selection due to the linkage 
of decreasing and increasing genes, which resists recombination. All alleles have 
a fair chance to be sampled in an inbred strain, with the restriction that dominant 
increasers normally are accompanied by dominant decreasers. Therefore, in breeding 
experiments, like diallel studies, the additive component of variation normally 
will outweigh the dominasce component, or if dominance effects are present, they will 
tend to be ambidirectional. In the latter case, the sampled inbred strains deviate 
from the population mean due to sampling errors. 
In direational selection those phenotypes will be favoured that show the trait 
to an extremely high or extremely low degree. Extreme expression of the feature is 
adaptively superior. Activity at the beginning of the night (section V.2.), probably, 
is a feature which has an evolutionary history of directional selection. Mice, which 
are very active at the beginning of the dark period, when they feed, stand the 
greatest chance to find food and survive. By way of extreme phenotypes natural selec-
tion will favour increasing genes, while recessive alleles of decreasing genes will 
remain in the population. Dominant decreasing alleles, however, will be selected 
against and occur in the population at very low frequencies only. Inbred strains 
constituting fixed samples of the basic population, consequently contain only domi-
nant increasing alleles and recessive increasing and~decreasing alleles at the loci 
involved in the determination of the trait. 
Hybrids resulting from matings between inbred strains, will resemble most the 
high scoring parent with regard to features having an evolutionary history of direc-
tional selection for high scores, since dominant alleles occur only in increasing 
genes within the inbred strains. The F hybrids will score even more extremely than 
the most extreme parent, if the inbred animals which are mated have dominant in-
creasers at different loci. A diallel study consequently will reveal directional do-
minance in features which have been subjected to directional selection in the basis 
population Mus musaulus. The directional dominance will be for the extreme which 
has been adaptively superior. In breeding experiments normally a high dominance com-
ponent of variation will be found relative to the additive genetic variation. 
By the Birmingham school a genetical mechanism is put forward which is favourable 
in directional selection: a type of epistasis knoun as duplicate gene interaction. 
This is a non-allelic interaction which, as the name implies, differs from allelic 
or dominance interaction, and hence is an epistatic interaction. The occurrence of 
duplicate genes would reinforce the impression of behaviour under directional selec-
tion, since it leads to more different genotypes, each having the optimal pheno-
typic effect. Therefore, directional dominance sometimes will be accompanied by 
epistatic interaction. 
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In dieimptive selection more than one phenotypic expression of the trait is 
adaptively superior. It is in such a situation that dimorphisms and polymorphisms 
may arise, which may be in stable equilibrium within the population or may lead to 
incipient speciation. 
Speciation refers to the splitting of a single species into several. The possibility 
of disruptive selection is disregarded in this thesis, since we agree with Mayr 
(1963): "... disruptive selection may be a mechanism of speciation. Actually, all the 
available evidence indicates that this is not likely to happen in natural popula-
tions". (p472). 
"In behavioral research (...) it is often difficult to say whether a trait has 
adaptive value or not".(Bruell, 1964). The reversal of the pursued reasoning might 
be used to put forward hypotheses concerning the adaptive value of traits. From the 
finding of directional dominance for high scores, one may infer the adaptive superi-
ority of extreme high expression of the feature considered. 
1.1.5. Phenotypic and genetical correlations 
If several variables are measured in the same animals, the observed littermeans 
may be used to calculate phenotypic correlations. Since the diallels, reported in 
this thesis, are replicated once or twice, the variation between replicates may be 
used to estimate the errors connected with the covariance and the variances which 
constitute the correlation coefficient. The phenotypic correlation expresses the re-
lation between the phenotypic values of two variables, this relation being brought 
about by all factors impinging on the organism. Correlations based upon specific 
factors can be dissolved from these correlations. 
Within the framework of a diallel cross one can distinguish additive genetic 
variation, dominance effects, maternal care and random reciprocal effects. In this 
thesis only the correlation based upon additive genetic variation is examined and 
compared with the phenotypic correlation. As can be done for the phenotypic correla-
tion the error of the covariance and the variances can be derived from the varia-
tion between replicates. Subtraction of the error components gives the "pure" co-
variance and "pure" variances, resulting in a "pure" correlation coefficient. The 
accuracy of the resulting correlation, however, may be quite poor in consequence of 
the error introduced by thé estimation of the error components. Although from a 
theoretical viewpoint the "pure" correlation has to be preferred above the "raw" one 
it is not clear which one is the most accurate. The "raw" correlations were chosen 
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for further analysis, since the "pure" ones produced peculiar difficulties, arising 
from correlations larger than unity. 
In formules the "raw" phenotypic correlation between variable χ and y is: 
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Analogously to the definition of the additive genetic variance in the analysis of 
variance, an additive covariance Cov is defined. The "raw" covariance is: 
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Additive correlations are chiefly caused by pleiotropy. Genes influencing several 
variables are said to exert pleiotropic effects. "The degree of correlation arising 
from pleiotropy expresses the extent to which characters are influenced by the same 
genes".(Falconer, 1960) 
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1.2. WORKED EXAMPLE 
1.2.1. Running times on the fifteenth trial in a runway 
In chapter III a diallel study is described in which escape performance of mice 
vas measured in an electrified runway. The running times measured on the fifteenth 
trial are used as a worked example of the statistical tests. The littermeans of the 
latencies, which were measured in hundredths of seconds, are set out for the three 
consecutive litters of the fifteen genotypes in three diallel tables in Table 1.2. 
The figures 1 through 5 stand for СЭН/StZ, СЗН/HeJ, BALB/c, CBA and C57BL/6J. 
The sums of the corresponding entries are entered in a diallel table in Table 1.3. 
In this table some preparatory calculations are set out the way Hayman (1954b) did 
in his classic study. The symbols used are defined in Table 1.1. The sums of squares 
of the several items are calculated for the three blocks and the block of sums and 
set out in Table 1.4. The sum of squares of item α is for the block of sums: 
{(55.54)2 + (397.46)2 + ... + (117.15)2} /10 - 2 (461.23)2/25 = 7765.80. The sum of 
squares of the corresponding error is: 765.25 + ... - 7765.80 /3 = 729.43. In Table 1.5. 
the degrees of freedom are set out for the various items and their interaction with 
blocks. The resulting mean squares are given in columns three and five. The F-ratios 
of the tests of all items against the corresponding block interaction, are entered in 
column six. 
Four tests are not entered in Table 1.5. The first is the test on the variation 
2 2 
between blocks. The sum of squares of this effect is: (144.68) /25 + (99.19) /25 + 
2 2 
(217.36) /25 - (461.23) /75 - 288.21. The mean square, 144.10 is tested against the 
total error variance (52.18); the resulting F-ratio, 2.76, is not significant at the 
.05 level with 2 and 48 degrees of freedom. The consecutive litters can be regarded 
random replications of each other. 
Secondly, the factor sex is examined, by performing a complete analysis of variance 
on the differences between the mean of male littermates and the mean of female litter-
mates. The summed differences of the consecutive blocks are 51.95, -13.54, and 101.54 
respectively. The sum of squares for sex is given by the square of the sum of the en-
2 
tries of the block of sums and equals (139.95) . The mean square 19586.00/1 is tested 
2 
against the variation of the sums of individual blocks, which equals ((51.95) + 
(-t6.54) - (101.54)2 - (139.95)2 /3 } /2 = 3331.57. The resulting F-ratio equals 5.88 
and is not significant with 1 and 2 degrees of freedom. The mean squares of S Χ α and 
S X Ъ are derived from the differences between male and female means, the same way 
as is done for α and b from the littermeans. For the last two tests the mean square 
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S Χ α equals 283.91 and-is tested against blocks X S Χ a, 101.97 (F - 2.78; 
.05 < Ρ < .10). The mean square S X Ъ equals 209.47 and its error blocks X S X b 
equals 73.97 (F.. -- - 2.83; .05 <P < .10). Concluding, neither a significant sex 
effect nor significant S Χ α nor S X Ъ interactions could be demonstrated for the 
running times on the fifteenth trial. 
The V , W graph. The variances V within each parental array and the covariances 
V of the corresponding arrays with the main diagonal, are entered in Table 1.6. for 
each individual block. The total variance of V equals 324111.5, the total variance 
of W 264321.5, and the covariance of V and W 281167.1. The joint slope, i.e. the 
slope of the regression of W values on V equals 281167.1/324111.5 - .8675. The in­
tercept equals W - .8675 V - 101.529 - .8675 X 101.755 - 13.256. The sum of squares 
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of the variance explained by this joint regression equals (281167.1) /324111.5 " 
243912.7, the sum of squares of the remainder consequently equals 20408.8. 
The regression of W on V can be done within each block as well. The total of 
β
 г r 
the sums of squares of variance explained amounts to 247551.6. The difference between 
this total and the variance explained by the joint regression is 3638.9 and is due 
to the heterogenity of the regressions within blocks. The final sum of squares for 
the remainder is 20408.8 - 3638.9 - 16769.9. The resulting analysis of variance is 
entered in Table 1.7. Since the F-ratio of the joint regression has merely one degree 
of freedom for the numerator, its square root amounts to a t-value with 11 degrees of 
freedom. Then, t. (11) - / ( ^ . Э Э ) » 12.65; P < .001. A significant part of the 
variation is explained by the linear regression of W on V . The F-ratio for the hete­
rogeneity of the regressions is 1.19 with 2 and 14 degrees of freedom. The regressions 
do not differ over blocks. If there are only two blocks, the F-ratio for heterogenity 
of regression may be converted into a t-value also. 
The square root of the mean square for the remainder is used as error to test 
the deviation of the intercept from zero (t(ll) - 13.256//1524.5 - .34; P > .25). 
The error of the slope is defined as the square root of the ratio of the remainder 
and the variance of V , which gives /(1524.5/324111.5) » .0686. The t test for the 
deviation of the slope from unity gives the value .1325/.686 " 1.93, which is signi­
ficant at the .05 level for 11 degrees of freedom. 
Before the results of the V , W graph are interpreted, one should check the con­
stancy of the differences W - V . Thereto an analysis of variance with randomized 
blocks ia performed on these differences. The sums of squares used are described by 
Guenther (1964). Analyses of variance are tabulated in Table 1.8. for the sums W + V 
and the differences W - V . In both cases the blocks do not differ, so the variances 
г r 
of blocks and error may be pooled. When tested against this pooled error, the differ­
ences W - V are constant over strains. The simple additivity-dominance model is 
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adequate with regard to the differences W - V and to the variance explained by the 
joint regression. Since the slope of the joint regression slightly deviates from uni­
ty, some epistatic interaction may be present. The suras W + V do differ over strains. 
According to Jinks and Hayman (1953), this can be interpreted as an indication for 
the presence of other sources than additive variation. 
The relation of V and W is set out graphically in Figure 1.3. , where strains 
are designated by single symbols. The sums W + V (summed over blocks) are the best 
indication for the order of the strains along the line. The СЗН/StZ strain is found 
to carry the greatest number of dominant alleles and СЗН/HeJ carries, by far, the 
most recessive alleles. The dominance order of the strains is СЗН/StZ, C57BL/6J, 
BALB/c, CHA and СЗН/HeJ, this order corresponding quite well with the order (from 
small to large) of the parental means (rank correlation coefficient • .90; Ρ < .05). 
Both correspondences found and the significance of the b1 item indicate the existence 
of directional dominance for low scores, i.e. fast escape performance. 
The components of the simple model are obtained from the four equations mentioned 
in section I.1.3. Therein V„ » 285.87, V- - 7.75, V T - U9.97, W- = 45.10, E„ - 42.53 
Ρ r ' I ' г Ρ 
and £_, = 31.40. Solving the equations, D - 243.34, H, - 676.96, H. - 515.60, and 
г 1 ¿ 
F J 340.29. F is positive: the inbred strains carry at more loci dominant than re-
cessive alleles. H is slightly greater than H ; this difference corresponds with the 
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unequal gene distribution (i> ) found in the analysis of variance. Heritability (h ), 
estimated according to the Mather and Jinks (1971, p270) procedure, is .19. 
1.2.2. The concise table of results 
It is* practically impossible to set out for all variables the results of the ex-
perimentation and the statistical analysis, the way it was done in the preceeding 
section for running time. For all variables measured only the most important results 
are tabulated. A concise tabulation of the results of the preceeding section is given 
in Table III.3. 
The F-ratios are given for respectively additive genetic variation (a), directi-
onal dominance (b,)# unequal gene distribution № „ ) , random dominantial effects (ÍO, 
i ώ О 
total dominance effects (b), maternal influences (o), random reciprocal effects (d), 
the variation of the totals of the blocks against the total error variation, sex 
against replications and the tests of S Χ α and S X Ь. 
The results of the V , W graph are entered in the following order: the F-ratios 
of the tests on the strain effect for the sums W + V and the differences W - V , 
the slope of the joint regression, its error and the t test on its deviation from 
unity, the intercept and the t test on its deviation from zero, the t-value for the 
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variance explained by the joint regression, the F-ratio for the heterogenity of the 
regressions within blocks (converted, if possible, to a t-value), the dominance order 
of the parental strains from the most dominant to the most recessive strain, the or-
2 
der of the parental means from the smallest to the greatest, and finally h if it 
can be estimated. 
1.3. TREND ANALYSIS 
Trend analyses are performed, if the behaviour of an animal is measured several 
times within one experimental situation. For each animal orthogonal trend components 
are estimated following the procedure described in detail by Lewis (1960), Bevington 
(1969) and Winer (1970). After correction the trend components correspond with the 
parameters of orthogonal polynomials, e.g. a, b, c, and d in the equation Y = 
2 3 
a + bX + cX + dX . Jhe interpretation follçwed in this thesis may be clarified by the 
example already used (of. I.2.). 
Mean latency curves in the runway are presented graphically in Figure III.l. Trend 
coefficients were calculated for the 20 running times each individual mouse scored 
on the runway. The linear trend component stands for the "true" linear regression, 
which is not dependent on the higher components. The linear trend was interpreted as 
the amount of learning occurring during 20 trials. The linear slope gives the speed 
of decrease in latency over all 20 trials. However, all animals that did learn, reached 
their highest escape speed long before the experiment was over. Since the number of 
trials is constant for all animals, the slope can be interpreted as the length of the 
opposite side of the right-angled triangle, i.e. the total decrease in running time. 
The quadratic component takes care of the curvature of the decay line. The more the 
line is curved downwards, the larger positive is the coefficient. So the quadratic 
coefficient is interpreted as speed of learning. If an animal does learn to escape fas-
ter and most learning occurs in the first 10 trials, the linear coefficient is negative 
by definition and the quadratic coefficient has the opposite sign. The cubic coeffi-
cient is yielded by irregularities in the second degree fit. The interpretation of this 
component is not straightforward. It may stand for higher speed of learning in the 
first trials than is accounted for by the quadratic component, or it may correct for 
increases in latency showing up during later trials due to weariness. In short, the 
third degree component stems from positive or negative accelerations in speed of 
learning. 
In Figure 1.4. the mean data points are given for the performance of C57BL/6J 
mice in the escape runway. The data are grouped into five blocks of four trials each. 
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The data points are: (1,19.89); (2,5.14); (3,5.59); (4,8.35); and (5,6.72). The 
over-all mean = 9.138. Following the procedure of Winer (1970, pl33 and Table B.10) 
the linear trend is given by (-2 X 19.89 - 5.14 + 8.35 + 2 X 6.72) / (4 + 1 + 1 + 4) = 
-2.313. The quadratic trend is found by (+2 X 19.89 - 5.14 - 2 X 5.59 - 8.35 + 
2 X 6.72) / ( 4 + 1 + 4 + 1 + 4 ) = 2.039, a positive figure as expected. The cubic com-
ponent: (-19.89 + 2 X 5.14 - 2 X 8.35 + 6.72) / (1 + 4 + 4 + 1) - -1.959. Since the 
quartic trend does not significantly improve the fit, as will be found in section 
III.6., it is not calculated. Whether a component explains a significant portion of 
the data, is tested by comparing its mean square with the interaction term Blocks X 
total. This mean square is calculated by dividing the square of the sum of all cells 
by the number of subjects X the sum of the squared weights attatched to the scores 
in the calculation of the trends (c/. Winer, 1970; p73). 
For the trend analysis reported in this thesis the tests are tabulated in Table 1.9. 
If an equation of Winer (1970; p76-77 and Table B.10) is used, the first de-
gree orthogonal polynomial 9.138 - 2.313 (X - X) is found for linear regression. The 
"effect" of the linear component alone is visualized in the inserted figure. In Figure 
1,4. the linear component is also set out combined with the zero order approximation 
(the mean). The same procedures are followed with the quadratic and cubic components 
and the corresponding second and third degree polynomials. The resulting orthogonal 
polynomial of the third degree is 9.138 - 2.313 (X - X) + 2.039 {(X - X) -2} -
5/6 X 1.959 X {(X - X ) 3 - 3.4 (X - X)} - 57.776 - 53.074 X + 16.7315 X2 - 1.6325 X3, 
where X designates the trial block. The points estimated by this equation, are 
(1,19.801); (2,5.494); (3,5.060); (4,8.704); (5,6.631), which correspond very closely 
with the real data. In Figure 1.4. one can see that each higher order approximation 
gives a better fit to the data. 
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hapter II. BEHAVIOURAL MEASURES OF DIALLEL I 
1.1. ANIMALS 
The experiments of the first diallel study were conducted with 233 mice, 1)5 
ales and 118 females, coming from fifty litters. Animals of five inbred strains 
ere mated to produce two litters of each of the 25 possible crosses, the litters 
rom each mating were assigned consecutively to the blocks of the analysis of variance. 
he breeding animals of the five inbred strains, -СЗН/StZ ("Z"), СЗН/HeJ ("H"), 
ALB/c ("B"), CBA ("C") and C57BL/6J ("5"),- were provided by the Central Animal Labo-
atory of the Catholic University of Nijmegen, the Netherlands. The strain designa­
tion is according to the rules of the Committee on Standardized Genetic Nomenclature 
or Mice (Staats, 1972) and their history has been described in Kerbusch et al. (1972). 
he experimental animals were weaned three weeks after birth and housed individually 
in large (38X27X15 cm) macrolon cages. The cage floors were covered with sawdust. , 
he animals were maintained at 25 С (+^1 ) in an air conditioned room. Light was on 
from 8.00 hr till 20.00 hr. Food pellets and water were available ad lib. 
II.2. PASSIVE AVOIDANCE 
II.2.1. Apparatus and procedure 
The apparatus consisted of two compartments differing in size and colour. The 
large white painted compartment measured 50X50X14 cm and had wooden walls and floor 
and a plexiglass top. The smaller black painted box, measuring 25X11X14 cm, had 
wooden walls and top. The grid floor of this compartment consisted of 17 copper rods, 
which could be electrified (25V/100KÍ2 ). The passage (11X4 cm) between the two com-
partments could be closed by a guillotine door. The large compartment was illumina-
ted by a 150W bulb, suspended 15 cm above the top. 
At the age of 28 days each animal was given a single learning trial. In the 
morning the animal was placed individually in the centre of the large compartment, 
facing the entry to the dark compartment. Latency to entrance into the smaller com-
partment was recorded by means of a stopwatch. The animal was guided into it, if laten-
cy exceeded 300 sec. After the animal had entered the dark compartment, the guillo-
tine door was lowered and a punishing shock was administered during five sec. After 
that the animal was removed and left undisturbed in its home cage for 24 hr. 
ш 
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The next day the animal was tested for retention. It was placed into the large 
compartment once more and latency to entrance into the dark area was recorded. If 
latency exceeded 300 sec, the animal was removed from the apparatus. 
II.2.2. Results and discussion 
Ihe latencies measured in both trials and their difference, were analyzed by the 
Hayman analysis described in Chapter I. The results are presented in Table II.1. 
Latency ση the leaxming trial may be interpreted as a measure of dark preference. 
However, the opportunity for displaying exploratory behaviour in the large compartment 
might have interfered with dark preference, thereby reducing reliability. Additive 
genetic variation (a) was present for this variable indicating genotypic differences 
between the inbred strains. Maternal influences (e) could not be demonstrated. Domi­
nance effects (b) only occurred irregularly φ ). The simple additivity-dominance mo­
del seems to be adequate, since the differences W - V do not differ among strains, 
and the slope of the joint regression of W on V does not differ from unity, the 
latter suggesting absence of epistatic interaction. The high heritability in the 
narrow sense (.58), the significant additive variation, and the absence of directional 
dominance, suggest an evolutionary history of stabilizing selection for an intermediate 
optimum, according to the hypotheses forwarded in section 1.1.4. 
The difference between the latencies of learning and test-trial is an index of 
learning to avoid the dark compartment. The genotypes differed in learning (a), and 
dominance effects were present. Epistatic interaction is indicated, since the slope 
of the joint regression of the covariances W on the variances V deviates from unity. 
The orders of parental means and the dominance order, suggested by the V ,W graph 
indicate ambidirectional dominance, which together with the additive variation found, 
points to a history of stabilizing selection for an intermediate optimum. Intermediate 
scores should have been adaptively superior according to the hypotheses put forward 
in section 1.1.4. 
II.3. ACTIVITY 
II.3.1. Apparatus and procedure 
Activity was measured in an Η-shaped maze. The walls and floor of the maze were 
made of wood painted grey; its top was made of plexiglass. The two long arms of the 
maze measured 60X1 OX 15 cm, the connecting alley 10X10X15 cm. In the long arms near 
the connection four photo-electric cells were situated, dividing the maze into four 
parts of 25X10 cm, and one part of 30X10 cm. Each animal was placed individually into 
the maze at the age of 29 days. Interruptions of the lightbeams were recorded automa-
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tically during 10 min. The number of interruptions was taken as an index of activi­
ty. 
II.3.2. Results and discussion 
The Hayman analysis of variance of the activity scores (Table II.1.) revealed no 
significance of reciprocal effects (c and d), and of additive variance (a). Dominance 
effects (b) were present, and an unequal distribution of dominant alleles (b„) among 
the inbred strains existed. The absence of clear additive effects or directional do­
minance, preludes any conclusions in terms of the theory presented in section 1.1.4. 
The analysis of the V ,Κ graph suggests that the simple model is appropriate 
as far as the W - V differences are concerned. Epistasis, however, was probably 
present, since the slope of the joint regression deviates from unity. The regression 
of W on V was not homogeneous over blocks (t7 = 3.13). The results of the activity 
measurements must be regarded too unstable for any firm conclusions. 
II. 4. ESCAPE PERFORMANCE IN AN ELECTRIFIED RUNWAY 
II.4.1. Apparatus and procedure 
At the age of 30 (+J) days the animals received ten trials of escape learning in 
an electrified runway. The escape corridor consisted of a start-box (1(Ï<.0X30 cm), 
a straight alley (102X10X30 cm) and a goal-box (10X10X30 cm). The grid floor of the 
start-box and the corridor consisted of 117 electrified rods (35V/100KÍ2 ). The floor 
of the goal-box and the walls of the apparatus were made of wood. The start-box and 
the corridor were connected by a plexiglass guillotine door. At the beginning and the 
end of the corridor two photo-cells were placed 100 cm apart, controlling a timer. 
In each trial the animal was placed into the start-box and the guillotine door was 
raised immediately. After each trial the animals were replaced into their home-cage, 
where they remained during an intertrial interval of approximately three min. If an 
animal did not escape within 100 sec, it was guided into the goal-box. In that case 
no running time was registered. 
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II.4.2. Results and discussion 
The mean running times of parents and hybrids are presented in Figure II.1. 
The results of the genetic analyses of the running times of each trial are set in 
Table II.3. The Hayman analysis of variance revealed additive genetic variance 
(a) for trials four through ten. The inbred strains differed in breeding value for 
escape performance. For all trials but trial two, dominance effects (b) were present, 
but directional dominance for high escape speed was demonstrated only for trials 
five, six and seven. On almost all trials irregular dominance effects (b ) existed. 
о 
Differences in maternal influences (o) were never significant, neither did signifi­
cant irregular reciprocal differences (d) exist. The blocks of consecutive litters 
did not differ in running speed. The sexes, however, differed on trials seven and 
eight. Females escaped faster than males. 
Sex X genotype interaction (SXa) existed in most trials, indicating the involvement 
of the sex chromosome. S X b interaction was present in half of the trials. 
.No strain differences emerged for the W - V differences in the analysis of 
г г ' 
the V ,U graph, indicating the appropriateness of the simple additivity-dominance 
model. In four trials epistasis was demonstrated, the slope of the joint regression 
deviating from unity. In the remaining trials the intercept does not differ from zero: 
dominance was complete. The running times on five trials (4, 5, 6, 8 and 10) met the 
requirements that no strain differences in W - V emerged, that the slope did not 
deviate from unity, and that a significant part of the variance could be explained 
by the joint regression line. The correspondence between the dominance order, as re­
vealed by the V , W graph, and the parental means, suggests a directional dominance 
for low scores which was found for trials 5, 6 and 7 (b;) in the analysis of variance. 
Probably, directional dominance was present starting from trial 4, F hybrids always 
being faster that their parents (see Figure II.I.). In accordance with the results 
of Tyler and McClearn (1970), the heritability estimates were fairly constant. The 
results of the running times are difficult to interprete within the theory presented 
in section I.I.4., since it is not clear whether additive variation or directional 
dominance is the most important feature. 
II. 5. TREND ANALYSIS OF ESCAPE LEARNING IN A RUNWAY 
For the trend analysis of the running times, the ten trials were grouped in five 
trialblocks of two trials each. Linear, quadratic, cubic and quartic trends were cal­
culated for all mice individually. The first three coefficients explained a signifi­
cant part of the variance in the decay curves of the latencies (Table 1.9.), and were 
subjected to further analysis (Table II.2.). 
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The linear trend component is interpreted as the amount of improvement in 
speed of escaping. It showed dominance effects (b), which were attributable to the 
difference between parents with respect to the number of dominajit alleles (i>,). 
The sexes differed with respect to the amount they learned. Females learned more 
than males, resulting in a better final performance (cf. section II.4.2.). Direc-
tional dominance is completely absent in the analysis of variance (b ). This fin-
ding is confirmed by the analysis of the V , W graph. Epistatic interaction was not 
found: the slope did not deviate significantly from unity. Since neither significant 
additive variation, nor directional dominance was present, no firm interpretation can 
be made in terms of the theory presented in section 1.1.4. 
The quadratic trend component was interpreted as speed of learning.Dominance 
effects were found by the analysis of variance (b). The inbred strains differed 
with respect to the number of dominant alleles they carried (b„). Since the mean 
of the hybrids exceeded the mean of inbred animals, directional dominance for high 
scores is present (b..). Females learned faster than males (Sex). At first sight 
the directional dominance found is not confirmed by the results of the V , W graph. 
The graph may be interpreted, since the differences W - V do not differ over 
strains, the slope of the joint regression does not deviate from unity (absence of 
epistatic interaction) and a significant part of the variation is explained by the 
joint regression. The orders of dominance and parental means do not match. The C3H/HeJ 
strain, however, did not learn at all; it even showed an upwards curved latency 
curve. If this strain is left out, a roughly reversed relation is found between both 
orders, indicating dominance for high scores. Fast learning of escaping from shock, 
probably, is influenced by genes, the dominant alleles of which have been selectively 
favoured during evolutionary history. 
For the cubic component only dominance effects(b) were found. These effects 
were random dominance effects (b,). 
II.6. THE CORRELATIONS BETWEEN VARIOUS ASPECTS INVOLVED IN ESCAPE LEARNING 
The phenotypic correlations between the linear, quadratic and cubic trend coeffi-
cients of escape learning, and the escape performance in the last trialblock, were 
calculated from the phenotypic values (cf. section 1.1.5.), i.e. the 25 entries of 
the blocks of sums (cf. Table I.3.). The correlations are entered in Table II.4. The 
"raw" correlations were calculated, i.e. the error which might be estimated from the 
For the factor analyses FACT080 was used (Program by E.Roskam, Computer Library of 
the Psychological Laboratory, Nijmegen, The Netherlands). 
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randomized blocks, was not removed. A factor analysis was performed following the 
method of principal components after the diagonal entries (1.00) were replaced by 
the squared multiple correlations. The loadings on the resulting two factors are 
entered in Table II.A; the total extracted variance was 70 percent; the maximum varimax 
value, (.145), was very low. In accordance with this low value, the two factors did 
not clearly separate the variables. Oblique rotation (promax method) revealed that 
variable 1 and 2 load highest on factor I and variable 3 and 4 on factor II. 
The same procedures were performed on the additive correlations, which were cal-
culated from the covariance matrix derived from the blocks of sums, as was explained 
in section 1.1.5. The "raw" additive correlations were calculated, i.e. the error 
which might be estimated from the randomized blocks, was not removed. The picture emerg-
ing after the factor analysis resembled the results of the phenotypic correlations. 
The maximum varimax value (.236), again,waa low; the extracted variance, 96 percent, 
is high. The additive correlations can be considered to express the genetic relation-
ship between the variables studied. "The genetic cause of correlation is chiefly 
pleiotropy, though linkage is a cause of transient correlation particularly in popu-
lations derived from crosses between divergent strains. ... The degree of correlation 
arising from pleiotropy expresses the extent to which characters are influenced by 
the same genes". (Falconer, 1960). The phenotypic correlations, most probably, are 
a rough blue print of the common genetic background. This finding should not be over-
estimated since most variation in the individuals for whom the correlations were cal-
culated, was originally genetic by design. 
The following hypothesis seems justified: improvement in escape performance 
(linear trend coefficient) and speed of learning (quadratic trend), are genetically 
related in mice of one month old. Irregularities in speed of learning (cubic trend) 
and the resulting escape performance, have another subset of genes in common. The 
separation between the four variables is by no means complete, however, since genetic 
correlations exist between all four variables. 
33 
Chapter III. BEHAVIOURAL MEASURES OF DIALLEL II 
111.1. ANIMALS 
The experiments were conducted with a total of 377 mice, 185 males and 192 females. 
The animals were weaned three weeks after birth and placed individually in large 
(38X27X15 cm) macrolon home cages. The cage floors were covered with sawdust. The ani­
mals were maintained at 25° С (+^  l" ) in an air, conditioned room. Light was on from 8.00 
hr till 20.00 hr. Food pellets and water were available ad lib. 
The experimental animals came from three litters produced by each of the 25 possible 
matings between five inbred strains: viz. СЗН/StZ ("Z"),C3H/HeJ ("H") , BALB/c ("B"), 
CBA ("C") and C57BL/6J ("5") (Staats, 1972). The breeding animals were provided by the 
Central Animal Laboratory of the Catholic University of Nijmegen, The Netherlands. The 
three litters from each mating were assigned consecutively to the three blocks used in 
the analysis of variance. Two of these blocks were observed in an open field at 61 (+0 
days of age. All animals received a passive avoidance training at this age and were tes­
ted on retention the next day. At 63 (+1) days the animals received 20 trials of massed 
escape practice in a runway, followed by T-maze learning the next day. 
111.2. EXPLORATORY BEHAVIOUR IN AN OPEN FIELD 
III.2.1. Apparatus and procedure 
The open field consisted of a wooden box which measured 50X50X15 cm; the top and the 
front wall were made of plexiglass. The floor was divided into 36 equal squares. A single 
mouse was placed into the box and observation started after 60 sec. The observer was 
situated behind a one-way screen in a corridor next to the experimental room. For 17.5 
min the behaviour of the mouse and its location in the field were recorded every seventh 
second, which was signalled by a click to the observer only. Eleven behavioural catego­
ries were used: 
1) Jumping, i.e. all four feet off the floor. 
2) Walking, i.e. locomotor activity with four legs on the floor. 
3) Turning, i.e. walking with two or three legs while at least one hindleg does not move. 
A) Rearing, i.e. sitting or standing on the hindlegs, the forepaws free. 
5) Leaning, i.e. the same as 4 ) , but the forepaws touching the wall. 
6) Sniffing in the air, i.e. sniffing as evident from movements of the vibrissae, 
without being directed to the floor or the walls. 
7) Sniffing at floor or walls. 
ЗА 
θ) Washing, i.e. all grooming activities with the forepaws directed towards the head. 
In this category vibrating with the forepaws (<?ƒ. van Abeelen, 1965) was included. 
9) Grooming the fur, i.e. all other grooming activities, scratching included. 
10) Sitting, i.e. resting on four legs. 
11) Lying, i.e. resting on the belly and the legs, or lying on one side. 
Only one behavioural category was recorded per sample. In case the above mentioned ele­
ments did not exclude each other, the category ranking highest in the list of behaviour 
categories was registered. Since the last two behaviour categories of the list appeared 
'to have a very low frequency of occurrence, they were excluded from analysis. For this 
thesis only the total frequencies of the behaviours obtained in the 150 samples were ana­
lyzed. However, it is possible to make crude time analyses for each behavioural class 
by dividing the 150 observations into blocks. 
Two indices of locomotor activity were calculated on the basis of the ob erved loca­
tions in the field at the sampling moments: 
a) Movements; if the animal was in a place different from that at the previous click, 
a "movement" was scored. 
b) Distance; from the places occupied successively, an estimate was made of the distance 
walked by using the city-block metric. (Instead of the Euclidean distance, i.e. the 
hypotenuse, the sum of the perpendicular sides is used as a distance measure; cf. 
Vossen, 1966). 
Similar behavioural categories and locomotor estimates have previously been used by 
van Abeelen (1965) and by Vossen (1966).' 
III.2.2. Results and discussion 
Grooming the fur. The results of tests and analyses for the behavioural frequencies 
are arranged in Table III.2. With respect to frequency of grooming the fur the model 
seems to be appropriate because of absence of systematic strain differences in W - V . 
The slope of the regression of W on V does not depart significantly from 1.0, hence 
there is no reason to assume epistatic effects. The Hayman analysis of variance revealed 
no additive effects of genes (a), but pre- or postnatal maternal influences (a) seem to 
have been present. According to the analysis of variance, dominance effects (b) were 
present although there is no systematic strain difference in W + V (F, .» 0.28; 
Ρ > 0.80); these dominance effects seem to be due to one or more cells showing unsyste­
matic dominance (b ). 
ERRATUM 
Page 60 ie to be replaced in ita entirety by the following: 
Considering all effects associated with strains as "fixed effects',1 and "blocks" 
as "random',' the expected mean squares are as follows. The variances are defined 
as variance components {i.e. mean squared effects). 
ITEM degrees of freedom EXPECTED MEAN SQUARES 
α n-1 σ1 + гС-^-ЬсЛ + K-Z-inbo1. 
b Jn(n-i) о1 + гс-^Цоо2.. + гс-^ьсЛ. 
n-1 «ξ • 2 ( ^ ) « ^
 +
 2(^)пЬ^ 
¿ j(n-0(n-2) ^
 + 2 ( ^ ) 0 ^ • 2(^)b4fe 
BZoefc b-1 ο2 + η'σ2 
ε γ 
bZXa (b-I)(n-l) σ1 + гс^по 1. 
ε
 λ
η-Ι JY 
bZXb in(b-l)(n-)) α3 + lí-S-Jif.. 
ε n-1 jjY 
bZXc (b-1) (n-1) ^ε * 2 (^Г ) , 1 0ку 
bZXd J(b-l)(n-l)(n-2) o^ + 2 ( ^ ) 0 ^ 
TAen: i : can be tested by the F-ratio: (MS )/(MS,7v ) 
г α оіла 
jd : can be tested by the F-ratio: (MS, )/(MS, ,
v v
) 
re D ΟΊΛΟ 
к : can be tested by the F-ratio: (MS )/(MS,TV ) 
г с bixc 
kk : can be tested by the F-ratio: (MS ,)/(MS, ,
v
,) 
re α οΖ-Χα 
where the estimated MS are derived from the sums of squares which are tabulated 
in Table 1.1. A worked out example of the calculations can be found in Hayman(1954b). 
ERRATUM 
Line 3 of Table 1.2. is to be replaced by: 
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Block 
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S X a 
S X b 
W + V 
r r 
W - V 
r г 
elope 
error 
t-βZope 
intercept 
t-intercept 
t jr 
F hr or t hr 
dornbriance 
parental 
1.2 
- tested against replicates 
the additive genetic variation (breeding value) 
directional dominance 
unequal distribution of dominant alleles over strains 
the interaction variation of dominance effects 
dominance effects 
maternal influences 
random reciprocal effects 
the variation of blocks of consecutive litters 
sex differences 
interaction variation of sex and breeding value 
interaction variation of sex and dominance effects 
variation of the sums 
t~ parents and the variances V within arrays tested 
variation of the differences J against pooled error (blocks + error) 
slope of the joint regression line of W on V 
standard error of the slope 
t-value of testing the deviation of the slope from unity 
intercept of the regression line of W on V r e ,
 r r 
t-value of testing the deviation of the intercept from zero 
t-value of testing the variance explained by the joint regression 
F-ratio or t-value of testing the heterogeneity of regressions within blocks 
order of inbred strains from the strain carrying most dominant alleles to most recessive 
order of means of inbred stains from the smallest mean to the largest 
estimate of the heritability in the narrow sense 
-section I.I.I 
of the covariances W of arrays with non-recurring 
'section 1.1.2. 
section 1.1.3. 
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CüH/StZ 
СЗН/HeJ 
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g. BALB/c 
ra E 
α> 
CBA 
сзн/stz 
Ζ*Η 
Ζ*Β 
z«c 
Ζ*5 
Η*Ζ 
СЗН/HeJ 
Η*Β 
H'C 
Η*5 
Β*Ζ 
Β·Η 
BALB/c 
B*Ç 
Β·5 
C*Z 
C*H 
С*В 
CBA 
C*5 
5* Ζ 
5* H 
5·Β 
5*C 
C57BJ./6J 
Figure I. 1. The breeding scheme of a 5x5 diallel cross. 
The five strains are used in the experiments 
of Ch. I I . , I I I . , and IV. The same design may 
be used for a table with littermeans. 
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Table 1.1 The sume of squares and degrees of freedom for the analysis of variance 
of a diallel cross, (after Hayman , 19S4b) 
s 
Block 
1. 
2. 
3. 
4 . 
S. 
СЗН/StZ 
СЗН/HeJ 
BALB/c 
CBA 
CS7BL/6J 
1.081 
1.403 
1.223 
1.380 
1.089 
2.443 
44.678 
1.293 
1.326 
2.506 
1.620 
1.233 
1.980 
17.525 
1.844 
0.970 
1.527 
1.569 
34.220 
13.603 
1.410 
1.567 
2.384 
0.965 
3.840 
Block II 
1. СЗН/StZ 
2. СЗН/HeJ 
3. BALB/c 
4. CBA 
5 . C57BL/6J 
1 
1.345 
17.933 
1.248 
1.180 
1.097 
2 
1.365 
35.980 
1.597 
1.733 
2.436 
3 
1.365 
1.668 
1.510 
1.838 
1.135 
4 
1.038 
2.444 
1.895 
2.523 
1.137 
S 
1.104 
1.350 
1.070 
2.303 
10.900 
Block III 
1 . СЗН/StZ 
2. СЗН/HeJ 
3. BALB/c 
4 . CBA 
ί. C57BL/6J 
1 
1.387 
1.032 
'1.335 
1.247 
1.175 
1.633 1.240 1.064 1.321 
57.463 34.050 21.356 1.632 
1.554 2.170 7.427 1.816 
13.280 1.433 21.410 1.115 
2.863 1.318 34.655 2.390 
Table 1.2 Littermeans of тгтпіпд times on the fifteenth trial in an electrified 
ruruJay. 
1 : СЗН/StZ ; 2 : СЗН/HeJ ; 3 : BALB/c ; 4 : CBA ; S : C57BL/6J 
ί. 
г. 
3. 
4. 
s. 
".г 
*«* 
«l·.-
сзн/stz 
C3H/HeJ 
BALB/c 
CBA 
C57BL/6J 
*.!· 
".r 
"r/ ".r" % 
"./ 
Í 
4 
ί 
3.813 
20.368 
3.805 
3.807 
3.361 
35.153 
55.538 
- 14.769 
36.473 
2 
5.440 
138.121 
4.444 
16.339 
- 7.805 
172.148 
397.462 
53.167 
-293.142 
- 14.928 
3 
4.225 
36.951 
5.660 
20.796 
4.296 
71.927 
101.996 
- 41.858 
73.696 
0.420 
32.507 
4 
3.071 
25.327 
10.890 
58.153 
49.395 
146.836 
250.314 
- 43.359 
- 40.453 
- 0.735 
8.988 
- 9.905 
5 
3.835 
4.549 
5.270 
4.383 
17.130 
35.167 
117.154 
46.819 
31.503 
0.474 
- 3.256 
0.974 
- 45.011 
»r. 
20.385 
225.315 
30.069 
103.477 
81.986 
461.232 
922.463 
222.877 
- 191.923 
Array-meane 
5.74? 
28.816 
10.704 
21.351 
11.114 
y„ 
2y
.. 
y. 
2y
..~
 ny
. 
Table 1.3. The block of вит of the littermeane of table 1.2 and some preparatory calaulations. 
7 
Item 
a 
», 
b2 
b3 
•b 
a 
d 
t 
Block I 
765.254 
808.398 
1035.044 
71.257 
1914.699 
42.749 
165.777 
2888.479 
Block II 
515.824 
262.761 
415.437 
67.276 
745.474 
54.001 
84.800 
1400.099 
Block III 
2036.949 
427.383 
849.436 
509.330 
1786.148 
558.626 
583.505 
4965.228 
Sum-Block 
7765.796 
4266.111 
5863.707 
603.804 
10733.624 
886.899 
861.573 
20247.892 
Interaction 
729.427 
76.504 
345.348 
446.594 
868.447 
359.743 
546.891 
2504.509 
Table 1.4. Running times on the fifteenth trial in an electrified runmay. The Bums 
of squares of the various effects for each individual block, the block 
of sums, and the interactions of blocks and effect. 
Item df MS effect 
a 4 1941.449 
df MS error F 
8 91.178 21.29" 
'1 4266.111 
1465.927 
120.761 
2 38.252 111.53" 
8 43.169 33.96" 
10 44.659 2.70 
b 
a 
d 
t 
10 
4 
6 
24 
1073.362 
221.725 
143.596 
843.662 
20 
8 
12 
48 
43.422 
44.968 
45.574 
52.177 
24.72" 
4.93* 
3 . 1 5 ' 
1 6 . 1 7 " 
Table I. S.Analysis of variance of running times on the fifteenth trial in 
an electrified runuay. '.· Ρ < .OS; ": Ρ < . 01 
8 
partial dominance 
complete dominance 
dispersion of genes 
Figure I . 2. The V r , W r graph (after Hayman 1954 a) 
ζ 
Η 
Β 
с 
s 
I 
370. 
12. 
185. 
5. 
Block I 
'r 
.111 
.188 
.461 
.728 
.843 
W
v 
4. 
294. 
29. 
90. 
19. 
.337 
,152 
.13« 
,553 
,243 
14 
218 
17 
Block II 
V 
τ 
.239 
.279 
.087 
.269 
.973 
W
r 
5 3 . 5 2 5 
200.084 
.492 
1.822 
4 . 9 2 3 
1 
519 
49 
81 
51 
Block III 
V
v 
.008 
.037 
.194 
.354 
.563 
VT 
.064 
521.821 
166.415 
113.092 
2 3 . 2 7 4 
Table I.S The variancesfV ) of parental arrays and the со агіапсев(W ) of the 
parental arraye with the non-recurrent parent for running times on 
the fifteenth trial in an electrified runaay. 
ITEM 
joint regression 
heterogeneity regr. 
remainder 
total 
SS 
243912.7 
3638.9 
16769.9 
264321.5 
df 
1 
2 
11 
14 
Table I. 7 Analysis of variance for 
MS 
243912.7 
1819.5 
1524.5 
the regressi 
F Ρ 
159.99 < .01 
1.19 > .25 
•on of W on V fo; 
running times on the fifteenth trial in a runuay. 
W - V 
r r 
strain differences 
blocks 
error 
total 
W + V 
r r 
strain differences 
blocks 
error 
total 
Table Ι. В Analy 
SS 
10968.6 
6 8 1 9 . 0 
15130.3 
32917.9 
986740.2 
102852.3 
1 6 4 0 2 7 . 0 -
Í253619.5 
df 
4 
2 
8 
14 
4 
2 
8 
14 
sis of variance wi th 
MS 
2742 .2 
3 4 0 9 . 5 
1891.3 
246685.1 
51426 .2 
20503.4 
randomized \ 
F' 
1.45 
1.80 
12 .03" 
2.51 
blocks for 
F3 
1.25 
9 . 2 4 
the вит 
and the differences W - V . JJ
 r r 
1
 : tested against error 
г
 : tested against pooled error ( blocks + error) 
": Ρ < .01 
4 ä 100 200 300 400 500 600 
В2 
C2 
Figure I. 3. The V r, Wr graph for the escape times on the 
fifteenth trial in an electrified runway. 
1= first bred litter 
2=· second bred litter 
3- third bred litter 
π 
20 latency 
15 
10 
5-
2 3 
trends combined 
trialblock 
Figure 1.4. The mean scores of trialblocks for C57BL mice in an 
escape runway!*). Regression by polynomials of increasing power. 
The components of the polynomials are given individually and combined. 
Latency = mean - 2.313 (X-3) + 2.039 ¡ (X-3)2 - 2¡ - 1 .1.959 j(X-3)3-3.4 (X-3)) 
12 
Diallel I Runway Diallel II Runway 
ITEM 
lineai· trend 
pooled error Un. 
quadratic trend 
pooled error quad. 
cubic trend 
pooled error cub. 
quartic trend 
pboled error quart. 
MS 
1578.40 
140.20 
698.96 
112.29 
214.76 
28.68 
40.98 
61.57 
df 
1 
24 
1 
24 
1 
24 
1 
24 
F 
11.26" 
6.23' 
7.49' 
.67 
MS 
4624.22 
197.04 
2496.51 
188.48 
732.24 
61.02 
132.21 
282.51 
df 
1 
48 
1 
48 
1 
48 
1 
48 
F 
23.47 
13.25 
12.01 
.47 
Diallel III Activity Diallel III Runway 
ITEM 
linear trend 
pooled error lin. 
quadratic trend 
pooled error quad. 
cubic trend 
pooled error cub. 
quartic trend 
pooled error quart. 
quintic trend 
pooled error quint. 
MS 
655183.95 
209947.06 
407069.52 
234113.02 
167111.31 
10827937.63 
310394.10 
4233023.15 
137479.22 
1294679.05 
4f F 
3.12 
1.74 
.02 
.07 
.11 
MS 
56.32 
20.60 
31.76 
10.91 
13.48 
474.32 
6.78 
251.92 
2.43 
21.36 
df F 
2.73 
2.91 
.03 
.03 
.11 
Table I. 9 Teet on the variance explained by trend components for running times 
in three runuay experiments and for activity scores. '.· Ρ < .05; "; Ρ < . 01 
Learning Test Differ. 
ITEM it p.a. p.a. p.a. Activity 
a 
*>! 
b2 
h 
b 
о 
d 
Block 
Sex 
S Χ α 
Ξ X Ь 
Τ τ 
slope 
error 
t βZope 
intercept 
t intercept 
t ¿г 
t Ar 
аомъпапое 
parental 
h2 
4 , 4 
1 » 1 
4,4 
5,5 
10,10 
4 , 4 
6,6 
1.24 
M 
4 . 4 
10,10 
4 . 5 
4 . 5 ' 
-
-
7 
-
7 
7 
7 
-
-
-
7 . 4 8 ' 
2 . 2 9 
3.24 
5.1 Г 
3 . 9 4 ' 
2 .82 
5 . 2 0 ' 
.39 
. 5 5 
2 . 8 6 
.57 
2.58 
1.16 
.64 
. 2 6 
1.38 
3.57 
. 3 0 
2.49* 
.71 
ZHB5C 
5CBZH 
. 5 8 
5.64 
2 . 6 5 
3.57 
5 4 . 5 4 " 
1 4 . 8 6 " 
9 . 4 8 ' 
1 8 . 3 8 " 
.67 
.61 
1.46 
4 . 7 5 ' 
1.50 
2 . 7 3 
. 4 8 
.20 
2 . 6 2 ' 
- 1 5 9 . 2 
.14 
2 . 4 7 ' 
.61 
ZBHC5 
C5HBZ 
-
2 4 . 4 4 " 
1.04 
2 . 0 2 
4 . 1 6 
3 . 5 6 ' 
5.84 
8 . 4 1 ' 
. 0 2 
21.21 
. 5 2 
. 3 6 
. 5 3 
. 7 6 
.18 
.06 
1 3 . 0 3 " 
203.1 
. 8 9 
2 . 7 7 ' 
3 . 7 9 " 
5CHZB 
CBZH5 
-
3.94 
2.01 
1 0 . 6 7 ' 
3 .84 
4 . 0 1 ' 
5.42 
2 .05 
1.12 
8 . 7 0 
3.57 
2.01 
1.91 
.79 
.34 
.19 
3 . 5 3 ' 
58.41 
. 6 3 
1.78 
3 . 1 3 " 
ZCH5B 
CHZB5 
. 3 6 
Table II.1 Genetio апаіувев of latencies in passive 
avoidance learning and of activity scores. 
'.· Ρ < .05 ; ": Ρ < .01 ; p.a. : passive avoidance 
ITEM df linear quadratic cubic 
a 
ъ
г 
ъ
г 
b
s 
b 
с 
d 
Block 
Sex 
S Χ α 
S X Ъ 
W
r
+V
r 
W
r-
V
r 
slope 
error 
t elope 
intercept 
t intercept 
t jr 
t hr 
dominance 
parental 
h2 
4 , 4 
i . i 
4 , 4 
5,6 
10,10 
4 . 4 
6,6 
1.24 
M 
4,4 
10,10 
4 , 5 
4,5 
-
-
7 
-
7 
7 
7 
-
-
-
2 . 2 2 
. 0 3 
2 6 . 8 8 " 
1.48 
2 . 9 8 ' 
1.85 
.88 
.24 
1 3 4 . 5 4 ' 
1.18 
1.89 
1.04 
.19 
.77 
.21 
1.11 
- 1 9 . 8 
.39 
3 . 6 1 " 
1.04 
BCZH5 
HBC5Z 
-
.89 
16817." 
1 3 . 0 8 ' 
2 .18 
3 . 7 4 ' 
1.90 
1.34 
.12 
1 8 7 . 6 3 ' 
1.66 
2.51 
. 7 3 
.18 
. 7 2 
.20 
1.39 
- 1 7 . 1 
.47 
3.62" 
. 6 6 
BCZ5H 
Z5BCU 
-
4.41 
34 .65 
6.24 
8 . 6 0 ' 
8 . 4 2 " 
1.77 
2 . 2 3 
.41 
4 1 . 2 7 
2 .25 
.95 
.77 
. 2 8 
.96 
.10 
.40 
- 1 . 6 
. 2 6 
9 . 2 9 " 
. 4 0 
BCZ5H 
H5CBZ 
-
Table II. 2 Genetic analyses of the trends for running 
times in an electrified runuay. 
': Ρ 4 .06 ; ": Ρ <, .01 
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S 
1$ 
PHENOTYPIC 
1. Linear trend 
Ζ. Quadratia trend 
3. Cubia trend 
4. Last trialblook 
.79 
-.55 
.вв 
-.37 
.90 
-.79 
.49 
.73 
-.56 
1. Linear trend 
2. Quadratic trend 
3. Cubie trend 
4. Laat trialblook 
Variance extracted 
Rotated factormatrix 
I II 
.816 -.346 
-.782 .535 
.519 -.679 
. 240 .564 
.401 .296 
.38 
Oblique factor pattern 
I II 
.867 -.027 
-.716 .294 
.291 -.623 
.008 .618 
ADDITIVE 
1. Linear trend 
2. Quadratic trend 
3. Cubie trend 
4. Last trialblook 
1. Linear trend 
2. Quadratic trend 
3. Cubia trend 
4. Last trialblook 
Variance extracted 
1. 
.98 
-.98 
.54 
-.63 
Rotated 
I 
-.277 
.531 
-.930 
.887 
.503 
2. 
.99 
-.78 
.77 
factormatrix 
II 
.952 
-.825 
.310 
-.397 
.460 
3. 
.98 
-.93 
01 
.96 
Oblique factor p a t t e r n 
I I I 
.078 1.078 
.224 -.747 
.985 -.091 
.996 -.098 
Table II.4 tftenotypic and additive correlations between activity 
and escape learning and results of the principal component 
factor analysis after varimax and promax rotation. The 
entries of the main diagonals in the correlation matrioea 
are replaced by the squares of the multiple correlations. 
ITEl df training test difference 
a 
»1 
b2 
h 
b 
с 
d 
Block 
Sex 
S Xa 
S хъ 
W
r
 + V
r 
W
r -
V
r 
elope 
error 
t slope 
intercept 
t intercept 
t jr 
F hr 
dominance 
rxzrental 
h2 
4 . 8 
1,2 
4 . 8 
5 , 1 0 
10.20 
4 , 8 
6 . 1 2 
2.48 
1,2 
4 . 8 , 
10,20 
4 , 1 0 
4 , 1 0 
-
-
11 
-
11 
11 
2,11 
-
-
-
5 . 9 4 ' 
6 .29 
9 . 2 4 " 
1 4 . 8 0 " 
1 1 . 7 0 " 
5 . 1 3 ' 
3 . 2 3 ' 
3 . 0 0 
2 .63 
3 . 8 0 ' 
1.58 
.84 
.56 
.65 
.29 
1.18 
- 3 1 7 8 . 
2 1 . 6 9 " 
2 .23* 
.92 
H5CBZ 
H5CBZ 
.43 
1.31 
9.08 
15.79" 
14 .97" 
1 3 . 7 5 " 
3 . 7 4 ' 
5 . 9 4 " 
.74 
.79 
.83 
1.24 
.83 
1.22 
1.44 
.19 
2 . 3 4 ' 
- 2 4 2 2 . 
2 . 7 8 " 
7 . 6 5 " 
1.64 
C5HZB 
H5CZB 
.35 
1.30 
7.15 
8 . 5 3 " 
5 . 9 2 " 
6 . 9 8 " 
3 . 8 6 ' 
7 . 4 9 " 
. 3 0 
3 .08 
1.72 
1.43 
.43 
1.39 
1.15 
.22 
.67 
- 9 7 4 . 
.85 
5 . 2 2 " 
1.08 
CH5ZB 
H5CZB 
-
Table III.l Genetic analysée of the latencies in 
training and test trial of a passive 
avoidance taak, and of their differences. 
' : Ρ < .OS ι " : Ρ < .01 
15 0 
no­
no 
9 0 
7 0-
5 0 
3 0 
running time 
trials 
1 8 10 
Figuren 1 The parental IFgl and hybrid (Fj) mean curves 
of running limes m an electrified runway 
ITEM 
a 
bl 
b2 
b3 
b 
a 
d 
Block 
Sex 
S* a 
S x b 
r r 
Г Ρ 
slope 
error 
t slope 
intercept 
t intercept 
t .ir 
t hr 
dominance 
parental 
У? 
d£ 
4,4 
M 
4,4 
5,5 
10,10 
4,4 
6,6 
1,24 
1.1 
A,4 
10,10 
A,5 
A.5 
-
-
7 
-
7 
7 
7 
-
-
-
groom 
fur 
2.22 
2.80 
1.89 
5.64' 
3.28' 
9.55' 
2.32 
.09 
2.31 
4.02 
1.79 
.28 
.20 
.8] 
.30 
.62 
.6 
.29 
2.66' 
.71 
CH5ZB 
HZCB5 
-
groom 
head 
3.15 
.14 
2.55 
4.24 
3.18' 
9.25' 
6.71' 
.67 
.17 
3.81 
3.38' 
2.33 
2.59 
.15 
.20 
4.16" 
.2 
.36 
.76 
.70 
B5ZCH 
CBH5Z 
-
sniff 
air 
23.72" 
.59 
3.92 
7.63' 
6.27" 
7.55' 
2.59 
.01 
27.87 
2.66 
2.33 
2.17 
2.28 
.41 
.10 
5.73" 
3.2 
.43 
4.03" 
.60 
5ZHCB 
Z5HCB 
-
sniff 
wall 
54.90" 
5.05 
11.49' 
1.47 
3.35' 
22.10" 
4.83' 
.34 
26.96 
.89 
1.24 
4.68 
.33 
.92 
.14 
.60 
8.6 
.09 
6.57" 
.41 
Z5HBC 
Z5HBC 
-
lean 
35.58" 
' A.70 
5.02 
3.50 
4.09' 
.51 
3.53 
.00 
3.96 
1.05 
.74 
1.47 
3.63 
.84 
.26 
.63 
4.4 
.63 
3.23" 
.15 
ZH5CB 
CH5BZ 
-
rear 
46.09" 
.00 
6.97' 
1.21 
1.95 
1.95 
6.14' 
.05 
2.75 
.67 
1.06 
.98 
.51 
1.25 
.28 
.86 
-12.5 
.11 
4.38" 
.32 
Z5BCH 
C5BHZ 
.42 
turn 
21.48" 
3.48 
1.76 
5.94' 
3.95' 
11.07' 
20.95" 
.01 
.01 
.61 
2.15 
2.43 
.77 
.45 
.26 
2.15' 
-.2 
1.15 
1.77 
2.06' 
Z5BCH 
CBH5Z 
-
.jump 
33.01" 
5.59 
1.42 
1.49 
1.63' 
10.24' 
.71 
.00 
-
-
-
1.02 
2.18 
.14 
.19 
4.49" 
.01 
.08 
.71 
1.21 
HZ5BC 
BHC5Z 
-
walk 
15.10' 
35.17 
2.38 
18.04" 
5.40" 
15.83' 
.78 
.67 
.74 
1.61 
2.41 
8.86' 
.83 
.54 
.43 
1.08 
4.7 
.27 
1.25 
.56 
ZCHB5 
BHZC5 
-
move­
ment 
13.29' 
7.48 
4.49 
5.97' 
5.56" 
6.27 
3.82 
.31 
1.49 
2.21 
1.89 
1.15 
.85 
.22 
.08 
9.72" 
24.8 
.12 
2.78' 
2.61 
Z5CHB 
HBC5Z 
--
dis­
tance 
40.79" 
14.40 
5.87 
6.49' 
6.37" 
2.80 
2.92 
.89 
1.00 
3.12 
1.64 
2.25 
.99 
.53 
.16 
2.87' 
-280. 
.09 
3.28" 
1.06 
ZCH5B 
HCB5Z 
.34 
Table III. 2 Genetic analyses of behavioural frequencies in an onen field. F < .05 Ρ < .01 
t r i a l -» 
α 
b l 
b2 
h 
b 
с 
d 
Block 
Sex 
S X α 
S X b 
W + V 
F Τ 
w - ν 
τ Γ 
slope 
error 
t slope 
intercept 
t intercept 
t j 'r 
F hr 
dominance 
parental 
У? 
4 . 8 
1.2 
4 , 8 
5 . 1 0 
10,20 
4 . 8 
6 ,12 
2 .48 
1.2 
4 , 8 
10,20 
4 , 1 0 
4 , 1 0 
-
-
11 
-
II 
II 
2,11 
-
-
-
8 7 . 2 2 " 
2 3 . 8 6 ' 
9 . 6 5 " 
4 . 5 8 ' 
1 0 . 2 3 " 
. 4 2 
3 . 5 3 ' 
. 2 5 
6 . 3 0 
. 1 6 
1.55 
6 . 5 6 ' 
.21 
. 9 0 
. 0 9 
1.05 
- 2 . 6 
.07 
9 . 8 6 " 
5 . 8 6 ' 
BZCH5 
ZBC5H 
. 5 5 
6 . 6 4 ' 
17.91 
2.84 
4 . 4 7 ' 
4 . 2 2 " 
6 . 7 1 ' 
5 . 2 9 " 
1.57 
1.73 
3 . 2 9 
1.24 
2.04 
1.15 
. 9 0 
.18 
.57 
17.6 
. 1 8 
5 . 0 0 " 
. 1 8 
BHZ5C 
ZB5HC 
-
9 . 5 5 " 
5 .58 
. 5 9 
2 .39 
1.61 
12.86" 
8 . 6 9 " 
1.43 
1.03 
1.10 
2 . 9 0 ' 
1.36 
. 2 3 
1.09 
. 0 8 
1.11 
- 2 9 . 1 
.06 
13 .87" 
4 . 0 0 ' 
BZ5CH 
ZB5CH 
-
1 7 . 6 2 " 
12.44 
1 2 . 6 8 " 
9. ΙΟ­
Ι 1.90" 
2 1 . 0 6 " 
8 . 2 8 " 
5 . 2 8 " 
1.91 
2 .08 
1.50 
2.57 
1.66 
.96 
.06 
.59 
.6 
.03 
1 5 . 3 9 " 
.14 
BZ5CH 
ZSBCH 
. 3 2 
6 . 7 3 ' 
6 8 . 9 1 ' 
5 . 9 7 ' 
3 . 2 6 
8 . 5 3 " 
6.or 
4 . 5 2 ' 
5 . 0 2 ' 
.79 
1.59 
2.42* 
1.32 
1.61 
. 6 2 
.07 
5 . 4 3 " 
20.1 
.73 
8 . 8 0 " 
1.54 
B5ZCH 
ZSBCH 
. 2 2 
7 . 8 6 " 
5 2 7 . 0 6 " 
1 0 . 8 9 " 
1 0 . 1 3 " 
1 4 . 8 3 " 
1 1 . 0 4 " 
1 9 . 5 6 " 
2 . 1 0 
11.03 
4 . 9 2 ' 
3 . 0 8 ' 
1.09 
1.35 
.89 
.11 
1.06 
2 .4 
.05 
8 . 2 4 " 
.59 
BZ5CH 
ZSBCH 
. 3 9 
8 . 2 3 " 
8 0 . 0 5 ' 
7 . 1 2 " 
4 . 2 2 ' 
1 0 . 9 6 " 
5 . 4 3 ' 
3 . 7 8 ' 
3 .19 
4 .24 
1.36 
2 . 3 6 ' 
1.82 
1.45 
.71 
. 10 
2 . 9 5 " 
11.8 
. 2 2 
7 . 0 9 " 
. 8 2 
ZB5CH 
ZSBCH 
. 0 8 
1 6 . 7 3 " 
1 5 7 . 7 6 " 
1 5 . 2 4 " 
4 . 5 4 ' 
1 6 . 4 7 " 
4 . 0 5 ' 
6 . 2 4 " 
3 . 2 9 ' 
2 . 1 2 
2.47 
5 . 4 0 " 
6 . 2 5 ' 
1.33 
. 6 3 
.10 
3 . 5 7 " 
IS.6 
.35 
6 . 1 5 " 
1.08 
ZB5CH 
ZBSCH 
.14 
2 0 . 0 5 " 
8 4 . 6 3 ' 
2 2 . 3 2 " 
2 . 6 0 
1 7 . 0 3 " 
4 . 2 1 * 
3 . 9 5 ' 
3 . 4 3 ' 
4.51 
2.21 
1.36 
3 . 0 3 
2 . 0 0 
.89 
. 11 
1.05 
1.4 
.03 
8 . 4 6 " 
.77 
ZSBCH 
ZBSCH 
. 1 6 
1 8 . 3 3 " 
4 3 6 . 2 3 " 
1 7 . 3 6 " 
2.85 
2 1 . 2 7 " 
2 .87 
3 . 0 9 ' 
2 . 3 2 
7 .53 
.77 
1.21 
2 . 9 3 
2 . 1 0 
.91 
.08 
1.07 
8 . 8 
. 1 2 
1 1 . 3 8 " 
.27 
ZSBCH 
ZBSCH 
.06 
Table III. 3 Genetic analyses of running times in an electrified runuay. 
': Ρ < .OS 
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a 
Ъ1 
b2 
b3 
b 
с 
d 
Block 
Sex 
S Χ α 
S X Ь 
и - ν 
slope 
error 
t slope 
intercept 
t intercept 
t fr 
F hr 
dominance 
Darent al 
h2 
4,8 
1.2 
A,β 
5,10 
10,20 
4,8 
6,12 
2.48 
1,2 
4.8 
10,20 
4,10 
4,10 
-
-
Il 
-
I 1 
I 1 
2,11 
-
-
-
13.63" 
36.79' 
5.60 
7.48" 
10.67" 
.53 
8.08" 
1.50 
.23 
1.12 
4.43" 
3.58' 
3.10 
.92 
.07 
1.06 
-18.1 
.49 
12.70" 
.64 
BZ5CH 
ZB5CH 
.14 
4.06' 
10.77 
3.56 
2.73 
4.73" 
5.39' 
1.51 
.25 
.01 
6.21' 
5.68" 
.92 
.80 
.84 
.15 
1.01 
-32.4 
.33 
5.48" 
.31 
BZ5CH 
ZB5CH 
-
9.34" 
12.15 
3.32 
5.29' 
5.88" 
1.36 
2.44 
.47 
8.27 
3.78 
4.17" 
1.48 
.52 
.85 
.11 
1.29 
-46.7 
.63 
7.37" 
.20 
BZ5HC 
BZ5HC 
.27 
9.70" 
23.45' 
5.48' 
2.69 
8.07" 
1.03 
2.46 
.54 
.60 
1.01 
6.79" 
1.41 
1.48 
.99 
.10 
.09 
-87.6 
.85 
10.37" 
.03 
BZ5CH 
ZB5CH 
.16 
12.00" 
10.89 
9.07" 
4.95' 
8.60" 
4.19' 
2.96 
1.29 
.06 
3.21 
2.41' 
1.58 
1.03 
.91 
.11 
.81 
-60.1 
.78 
8.59" 
.00 
BZ5CH 
ZB5CH 
.25 
Table III.4 Genetic analyses of running times in an electrified T-maze 
о 
e ? 8 9 10 
8.24" 
91.99' 
15.93" 
4.96' 
18.55" 
5.30' 
1.90 
.54 
7.85 
4.15' 
4.65" 
5.24' 
2.48 
.97 
.10 
.29 
-21.0 
.23 
9.84" 
.34 
BZC5H 
Z5CBH 
.21 
46.90" 
47.13' 
13.82" 
4.27' 
19.50" 
4.10' 
5.47" 
1.06 
.05 
2.07 
10.39" 
5.05' 
.60 
.90 
.06 
1.68 
-78.1 
.78 
14.86" 
.76 
B5ZCH 
Z5BCH 
.05 
16.87" 
34.82' 
4.78' 
6.48" 
9.96" 
3.83 
1.44 
1.Э9 
.00 
3.44 
3.15' 
1.74 
1.66 
.98 
.06 
.37 
-155.0 
1.80* 
16.07" 
.67 
BZ5CH 
ZB5CH 
.04 
14.39" 
19.49' 
3.60 
4.31' 
7.08" 
2.27 
1.44 
.55 
11.69 
1.28 
1.43 
1 .27 
.75 
.95 
.08 
.60 
-96.7 
.82 
11.56" 
.50 
BZ5CH 
ZB5CH 
.07 
15.Ik* 
17.04 
4.41' 
2.85 
7.47" 
1.70 
2.71 
.52 
.75 
1.94 
1.87 
1.30 
2.61 
.80 
.08 
2.31' 
-68.1 
.75 
9.50" 
.14 
BZ5CH 
ZB5CH 
.09 
: Ρ < .Oí ; " : Ρ < .01 
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running time 
30-
25-
20 
15 
10 
Д parental mean 
\ curve: T-maze. 
10 
Trials 
15 
— г
-
20 
Figure Ш. 1.The parental and hybrid mean curves for running times in a 
shock-runway and an electrified T-maze. 
min. time refusala refusals errors 
ITEM df runway runuay Τ таге Τ таге 
а 
bl 
b2 
h 
b 
a 
d 
Block 
Sex 
S X a 
S X b 
U + V 
r r 
W - V 
r r 
slope 
error 
i slope 
intercept 
t intercept 
t j 'r 
F kr 
dominance 
parental 
4 . 8 
1.2 
4 . 8 
5 . 1 0 
10,20 
4 . θ 
6 .12 
2 .48 
1.2 
4 . 8 
10,20 
4 , 1 0 
4 , 1 0 ' 
-
-
II 
-
II 
11 
2,11 
-
-
8 . 2 0 " 
11.28 
9 . 4 8 " 
3 .13 
9 . 2 8 " 
2.87 
3 . 9 8 ' 
.61 
2 . 1 0 
1.37 
1.85 
1.31 
1.11 
.97 
. 0 2 
1.44 
- . 4 2 
. 9 8 
5 1 . 2 9 " 
. 4 2 
Ζ 5 BCH 
ZBC5H 
2 1 . 0 6 " 
8 4 . 5 4 ' 
3 6 . 7 7 " 
2 . 8 8 
2 5 . 0 7 " 
4 . 3 5 
4 . S Ó -
LO? 
-
-
-
4 . 9 9 ' 
1 . 9 0 
.97 
. 0 6 
. 5 0 
- . 0 4 
.01 
15 .03" 
. 0 0 
Z5BCH 
ZB5CH 
13.70" 
2 3 . 2 8 ' 
6 . 3 4 ' 
3 . 5 0 ' 
10.13" 
2 .30 
3 . 4 1 ' 
1.93 
-
-
-
1. 80 
3.31 
. 9 8 
. 1 8 
. 1 2 
- 2 . 3 
.81 
5 .50" 
. 34 
B5ZCH 
Z5BCH 
8 .46" 
3 8 . 3 8 ' 
.47 
6 .00" 
4 . 6 1 " 
3.61 
10.35" 
1.69 
1.78 
-
-
5 . 0 0 ' 
.64 
. 6 0 
.17 
2 . 3 5 ' 
. 5 
.17 
3 .57" 
. 2 6 
5ZCBH 
Z5BCH 
Table III. S Genetic analyses of minimal running time, refusa 
in a runuay, refusals in a Τ таге, and errors in 
a Τ maze. ' ; Ρ < . OS; ".· Ρ < . 01 
ITEM df linear quadratic cubic 
a 
bl 
Ь2 
ь
г 
b 
a 
d 
Block 
Sex 
S Χ α 
S x Ь 
W + V 
r r 
U - V 
r r 
slope 
error 
с slope 
intercept 
t intercept 
t jr 
F /tr 
dominance 
parental 
h2 
4 . 8 
1.2 
4 . 8 
5.10 
10,20 
4 , 8 
6,12 
2 .48 
1.2 
4 . 8 
10,20 
4 , 1 0 
4 ,10 
-
-
II 
-
II 
11 
2.11 
-
-
-
7 . 4 0 " 
5.85 
2.41 
1 5 . 3 5 " 
4 . 5 9 " 
1.69 
2 .38 
. 7 8 
8 .42 
1.91 
3 . 5 0 " 
2 . 9 8 
. 3 0 
1.00 
. 1 3 
.01 
- 8 4 . 9 
1.25 
7 . 7 9 " 
1.10 
5ZCBH 
5BCZH 
-
4 . 9 2 ' 
2 . 7 3 
.97 
4 . 5 7 ' 
2 . 5 6 ' 
.27 
3 . 3 2 ' 
1.76 
3 2 . 6 3 ' 
7 . 4 5 " 
6 . 3 4 " 
12.45" 
.38 
. 8 6 
.16 
.85 
4 . 8 
.21 
5 . 1 1 " 
. 2 0 
BHZC5 
ZBCH5 
-
2 . 4 1 
. 1 6 
1 1 . 8 1 " 
2 . 2 7 
5 . 2 9 " 
1.61 
.71 
. 2 5 
106.56" 
1.50 
6 . 4 0 " 
3 . 8 6 ' 
.99 
. 5 2 
.14 
3.49 
3 . 0 
. 2 3 
3 . 8 1 " 
7 . 2 9 " 
BCZH5 
5CBZH 
. 4 6 
Table III.6 Genetic analyses of the trends in running times 
in an electrified runuay. '; Ρ < .05; ": Ρ 4 .01 
«β 
ы 
CO 
ITEM 
a 
Ъ1 
b2 
b3 
b 
a 
d 
Block 
Sex 
S Χ a 
S X Ъ 
W + ν 
г г 
V Y 
slope 
error 
t elope 
intercept 
t intercept 
t.jr 
F hr 
dominance 
Darental 
df 
4.8 
1.2 
4.8 
5.10 
10,20 
4.8 
6,12 
2,48 
1.2 
4.8 
10,20 
4,10 
4,10 
-
-
Π 
-
11 
11 
2,11 
-
-
brenn 
weight 
141.78" 
1236.30" 
5.30' 
5.50* 
20.58" 
38.34" 
9.63" 
1.03 
16.37 
3.53 
1.33 
.77 
.89 
.32 
.23 
2.95' 
111.3 
1.57 
1.41 
1.32 
BZ5HC 
C5HBZ 
total 
protein 
75.28" 
358.94" 
2.63 
6.97" 
8.99" 
10.54" 
4.47' 
1.93 
41.25' 
3.31 
1.65 
.44 
.66 
.13 
.20 
4.34" 
3.6 
1.52 
.66 
2.22 
ZB5HC 
CH5BZ 
AChE 
total 
55.19" 
175.59" 
13.92" 
.99 
10.03" 
2.17 
3.30' 
2.78 
7.41 
1.47 
3.58' 
3.12 
.71 
.69 
.19 
1.66 
.83 
.13 
3.70" 
.27 
ZHCB5 
5CBHZ 
AChE / 
brain w. 
21.96" 
.97 
8.12" 
2.53 
4.00" 
4.00' 
3.16' 
2.03 
27.06' 
1.61 
2.78' 
1.12 
.50 
.14 
.22 
3.91" 
18.0 
.59 
.62 
.61 
ZBC5H 
5BCZH 
CHE 
total 
262.33" 
5.96 
3.77 
2.25 
3.78" 
2.72 
4.03' 
6.42" 
2.42 
2.75 
1.12 
.49 
.61 
1.32 
.18 
1.74 
.01 
.80 
7.23" 
.59 
B5HCZ 
HC5BZ 
ChE / 
brain w. 
151.38" 
.08 
2.45 
4.32' 
2.21 
2.11 
2.23 
6.77" 
.56 
2.03 
1.12 
1.63 
.20 
1.20 
.08 
2.38' 
.05 
2.40' 
14.22" 
2.07 
B5HCZ 
BH5CZ 
Table IV.1 Genetic analyses of wet brain weight, total urotein content, and cerebral AChE and ChE activities. 
' : Ρ < .OS ; " : Ρ < .01 ; 
25 
ra: 
1. 
2. 
3. 
4. 
S. 
6. 
?. 
θ. 
1. 
2. 
3. 
4. 
S. 
6. 
7. 
8. 
ENOTYPIC 
Linear trend 
Quadratic tr. 
Cubia trend 
Laet trialbl. 
Protein 
Brain weight 
Total AChE 
Total ChE 
1. 
.87 
-.57 
.22 
.42 
-.03 
.07 
.29 
-.02 
2. 
.92 
-.47 
.32 
-.31 
-.37 
-.53 
-.34 
3. 
.76 
.12 
.16 
.16 
.42 
.33 
Rotated factormatrix 
Linear trend 
Quadratio tr. 
Cubia trend 
Last trialbl. 
Protein 
Brain weight 
Total AChE 
Total ChE 
Variance extract 
ADDITIVE 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
1. 
г. 
г. 
4. 
s. 
в. 
7. 
8. 
Linear trend 
Quadratic tr. 
Cubie trend 
Last trialbl. 
Protein 
Brain weight 
Total AChE 
Total ChE 
Linear trend 
Quadratic tr. 
Cubia trend 
Last trialbl. 
Protein 
Brain weight 
Total AChE 
Total ChE 
Variance extract 
I 
.046' 
-.211 
.124 
-.350 
.937 
.952 
'.681 
.515 
.337 
1. 
.99 
-.74 
.63 
.24 
.11 
.27 
.53 
-.02 
I 
.231 
-.241 
.ΓΙ 
-.290 
.888 
.910 
.811 
.341 
.325 
II 
.891 
.730 
.158 
.149 
-.008 
.089 
.286 
.018 
.183 
2. 
.95 
-.95 
.46 
-.44 
-.54 
-.53 
-.51 
II 
.895 
-.880 
.874 
-.019 
.048 
.192 
.446 
.260 
.331 
III 
.310 
.426 
.064 
.890 
-.260 
-.203 
-.061 
-.374 
.166 
3. 
1.00 
-.48 
.33 
.42 
.53 
.67 
IH 
-.368 
-.348 
.467 
-.935 
.418 
.333 
.051 
.819 
.289 
4. 
.92 
-.57 
-.50 
-.22 
-.54 
5. 
.94 
.96 
.67 
.62 
IV 
-, 
4. 
.96 
-.69 
-.61 
-.22 
-.79 
069 
,410 
848 
,097 
058 
,050 
,348 
,294 
.139 
5. 
.97 
.99 
.69 
.59 
6. 
.94 
.71 
.59 
Oblique 
I 
.032 
.013 
-.002 
-.107 
.989 
1.018 
.637 
.269 
6. 
.98 
.78 
.57 
I 
.177 
.056 
-.258 
-.056 
1.033 
1.049 
.941 
.095 
7. 
.69 
.54 
factor 
II 
1.057 
-.621 
-.093 
.135 
-.036 
.003 
.093 
.050 
7. 
.86 
.58 
и 
.917 
-.909 
.953 
.077 
-.293 
.140 
.183 
.175 
S. 
.67 
pattern 
III 
.240 
.408 
.174 
.960 
-.167 
.007 
.270 
-.333 
s. 
.85 
III 
-.554 
-.271 
.457 
-.965 
.127 
.015 
-.282 
.800 
IV 
-.165 
-.238 
1.010 
.213 
-.010 
-.084 
.184 
.170 
'"'тііе TV.2 Phenotypia and additive correlations between escape learning, brain weight, 
protein content, and cerebral AChE and ChE activitiess results 
nf a principal component factor analysis after varimax and promax rotation. 
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Figure Y. I . The parental (Fg) and hybrid (Ρ^) mean activity scores from 
14.00 hr. till 8.00 hr. in blocks of two hours. 
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Figure Y. 2. The mean activity scores of four inbred strains of mice. 
ITEM 
α 
h 
Ь2 
b3 
Ъ 
a 
ά 
Block 
Sex 
S Χ α 
S χ ¿> 
W + V 
г г 
W - V 
г г 
slave 
error 
t slope 
intercept 
t intercept 
t nr 
t hr 
dominance 
parental 
df 
3.3 
1.1 
3,3 
2,2 
6,6 
3,3 
3,3 
1,15 
M 
3,3 
6,6 
3,4 
3,4 
-
-
5 
-
5 
5 
5 
-
-
I I 
21.94* 
.11 
45.53" 
4.67 
5.66' 
7.87 
74.00" 
.90 
-
-
-
3.34 
2.21* 
.83 
.09 
1.77 
-86.8 
4.23" 
8.91" 
1.61 
Z5BH 
HB5Z 
1.27 
2.39 
2.10 
660.07" 
3.39 
1.12 
.37 
.05 
2.40 
.75 
4.29 
1.12 
1.09 
1.06 
.11 
.48 
-392.6 
6.86" 
9.21" 
3.78" 
Z5HB 
5ZHB 
16.29' 
2.01 
155.39" 
5.13 
8.11' 
9.11 
21.80' 
.13 
4.71 
7.59 
2.43 
2.71 
..63* 
.80 
.13 
1.52 
-6184. 
3.96" 
6.03" 
1.26 
Z5BH 
Z5BH 
Table V.2 Genetic analyses of several varameters of 
exploration from the home cage. The para­
meters are defined in section V. 4. 2. 
' : Ρ < .05 ; ": Ρ < .01 ; * ; tested agains 
error only. 
hours •* 
14-16 16-ia ia-zo 20-22 22-24 0-2 2-4 4-e . e-e 8-10 
а 
Ъ1 
Ъ2 
b3 
b 
0 
d 
Block 
Sex 
S x а 
S x b 
U
r
 + V
r 
W
r-
V
r 
slope 
error 
t slope 
intercept 
с intercept 
t .ir 
t hr 
dominance 
parental 
h2 
3.3 
M 
3.3 
2.2 
6.6 
3.3 
3.3 
1.15 
Ι.ι 
3.3 
6,6 
3.4 
3,4 
-
-
5 
-
5 
5 
5 
-
-
-
5.06 
.41 
2.51 
2.95 
2.53 
1.60 
.68 
1.24 
5.28 
.96 
1.Э0 
.29 
1.41 
.30 
.53 
1.31 
75.88 
1.67 
.57 
.02 
SBHZ 
HZ5B 
-
81.53" 
98.00 
6.21 
.24 
1.93 
.81 
1.95 
.09 
8.61 
4.40 
1.82 
2.68 
.90 
.26 
.33 
2.24' 
-13.23 
1.21 
.80 
.22 
BH5Z 
Z5HB 
.50 
16.82' 
9.22 
1.47 
1.98 
3.01 
.14 
1.21 
2.03 
40.11 
2.71 
3.21 
.69 
.43 
.31 
.33 
2.13' 
45.44 
1.20 
.95 
.53 
BZH5 
5HBZ 
.81 
1.14 
271.03' 
1.82 
5.59 
3.82 
1.99 
.95 
.89 
8.96 
7.40 
2.21 
2.27 
.64 
.66 
.24 
1.38 
-787. 
10.99" 
2.74' 
.76 
BZ5H 
H5BZ 
-
2.02 
7.51 
7.24 
1.40 
4.38' 
1.16 
.79 
.05 
15.35 
.97 
2.04 
.51 
1.71 
.49 
.35 
1.48 
-280. 
4.58" 
1.41 
2.06' 
HZB5 
BZH5 
-
1.66 
1.57 
3.18 
2.03 
2.29 
.56 
7.92 
3.20 
2.97 
1.78 
1.15 
.51 
1.95 
.86 
.47 
.29 
1125. 
7.60" 
1.82 
1.00 
BH5Z 
Z5BH 
-
8.57 
20.32 
26.89' 
21.18' 
24.27" 
2.56 
3.64 
8.61' 
.54 
3.39 
2.01 
.49 
.34 
-.03 
.32 
3.20" 
-43.1 
.55 
.10 
1.03 
HB5Z 
Z5HB 
-
10.17' 
.03 
1.45 
3.24 
1.26 
3.40 
2.96 
5.45' 
.49 
1.29 
1.66 
2.31 
2.16 
1.29 
.46 
.63 
-338. 
7.38" 
2.80' 
.04 
ZHB5 
HZB5 
-
68.08" 
1326.68' 
9.06 
55.71' 
24.41" 
28.92* 
26.38" 
2.92 
9.79 
17.34' 
7.86' 
27.23" 
15.22' 
.42 
.16 
3.63" 
377. 
.98 
2.67' 
.53 
ZH5B 
ZHB5 
-
,4.54 
16.67 
6.28 
1.85 
3.61 
22.58' 
3.98 
3.51 
.48 
2.06 
.65 
2.82 
135.65"* 
.61 
.25 
1.57 
-38.7 
.53 
2.50' 
.68 
HZB5 
HZ5B 
-
Table V.l Genetic analyses of activity scores within periods of too hours, (continuation on page 31) 
' : Ρ < .OS ; " : Ρ < .01 ; * : tested against error only. 
tS3 
с» 
t r i a l block •* 
1 2 3 4 S 6 7 8 9 10 
а 
b l 
Ъ2 
ь
г 
ъ 
с 
d 
Block 
Sex 
S X а 
S X b 
ν г 
» - 7 
г г 
e l o p e 
er ror 
t elope 
intercept 
t intercept 
t .ir 
t~hr 
dominance 
parental 
h2 
3 , 3 
I .I 
3 ,3 
2 , 2 
6,6 
3 , 3 
3,3 
1,15 
M 
3,3 
6 ,6 
3,4 
3 .4 
-
-
5 
-
5 
S 
5 
-
-
-
4.56 
74 .40 
3.14 
2 7 . 3 6 ' 
9 . 0 1 " 
.70 
1.02 
.56 
2 . 1 3 
.64 
.26 
.18 
.65 
.67 
.25 
1.35 
.05 
.37 
2 . 6 9 ' 
1.65 
HZ5B 
BZH5 
.48 
4.99 
15.77 
3.85 
2 1 . 5 8 ' 
1 3 . 0 3 " 
.92 
1.14 
.87 
4 . 0 2 
.27 
2.80 
.12 
1.20 
.86 
.30 
.48 
.01 
.18 
2 . 8 7 ' 
1.57 
ZBH5 
BZH5 
.29 
6.49 
3.30 
1 0 . 8 3 ' 
5.12 
5.69* 
1.58 
1.34 
1.82 
.82 
4 . 9 2 
.90 
.59 
1.47 
.64 
.16 
2 . 3 3 ' 
.02 
.26 
4 . 0 6 " 
.29 
BZ5H 
BZH5 
-
1 0 . 0 8 ' 
.17 
1 1 . 8 5 ' 
8.27 
9 . 0 0 " 
.94 
1.49 
2.59 
.12 
4 . 4 8 
3 .00 
.52 
2.81 
1.10 
.59 
.18 
- . 0 3 
.32 
1.89 
.50 
BZH5 
ZBH5 
.40 
3.44 
.14 
3.27 
2 1 . 5 9 ' 
6 . 1 8 ' 
.81 
.55 
.00 
.36 
5.20 
1.36 
.29 
.78 
.20 
.13 
6 . 2 0 " 
.06 
.95 
1.59 
3 . 8 8 " 
ZBH5 
ZBH5 
.49 
6 . 2 0 
.60 
3.18 
3 2 . 3 4 ' 
6 . 0 2 ' 
2 .05 
1.10 
.00 
.02 
5 .80 
1.04 
1.16 
2 .60* 
.54 
.19 
2 . 3 5 ' 
.01 
.10 
2 .81* 
2.51 
ZBH5 
ZBH5 
.61 
1 2 . 5 5 ' 
2.61 
3 .90 
3 3 . 4 8 ' 
1 2 . 2 4 " 
.96 
.92 
2.27 
.01 
2 4 . 9 1 ' 
.12 
.58 
5.56* 
1.02 
.22 
.09 
. 0 3 
.85 
4 . 6 6 " 
.79 
BHZ5 
ZBH5 
.64 
1 0 . 0 8 ' 
57 .66 
2.04 
13.98 
6 . 5 5 ' 
1.65 
.78 
1.15 
.64 
3 . 3 2 
.98 
1.16 
1.84 
1.07 
.28 
.24 
.01 
.13 
3 . 8 8 " 
.58 
BZH5 
ZBH5 
.40 
6 .08 
.05 
4.01 
4 6 . 3 8 ' 
1 0 . 9 8 " 
.59 
.37 
.74 
.22 
1 0 . 4 1 ' 
.48 
.53 
6 .36* 
.96 
.23 
.17 
.02 
.24 
4 . 1 4 " 
1.62 
BZH5 
ZBH5 
.37 
7 .05 
7 1 . 0 5 
4 . 9 4 
10.44 
8 . 5 2 ' 
.38 
.69 
2 .60 
.45 
3 . 8 0 
I . I l 
.62 
1.98 
1.14 
.31 
.46 
.00 
.01 
3 . 7 1 " 
.31 
BHZ5 
ZBH5 
.26 
Table V 3 Genetic analyses of running times averaged per trial block in an electrified runway. 
' : Ρ < .05 ; " : Ρ < .01 ; * : tested against error only. 
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FHENOTYPIC 2. S. 
1. Activity 
2. Running performance 
3. Chance of leaving home cage 
4. First time on ladder 
5. Firet time out of the cage 
1. Activity 
2. Running performance 
3. Chance of leaving home cage -, 782 
4. First time on ladder 
5. First time out of the cage 
Variance extracted 
.51 
-.19 
-.40 
.06 
.36 
Rotated 
I. 
.116 
.OS? 
-.782 
.890 
.840 
.425 
.59 
-.32 
-.10 
.32 
.95 
-.es 
-.97 
factormatrix 
II. 
-.108 
.786 
-.384 
-.150 
.376 
.188 
III. 
.719 
-.102 
-.459 
-.028 
.383 
.177 
.77 
.71 .96 
Oblique 
I. 
-.136 
-.132 
-.635 
1.145 
.742 
factor 
II. 
-.289 
.928 
-.225 
-.319 
.222 
pattern 
III. 
.893 
-.271 
-.287 
-.276 
.175 
ADDITIVE 5. 
1. Activity 1.00 
2. Running performance 
3. Chance of leaving home cage -.57 
4. First time on ladder 
5. First time out of the cage 
1. Activity 
2. Running performance 
3. Chance of leaving home cage -. 872 
4. First time on ladder 
5. First time out of the cage 
Variance extracted 
.19 
-.57 
.65 
.71 
Rotated 
I. 
.366 
.161 
.872 
.940 
.792 
.486 
1.00 
-.57 
.13 
.59 
1.00 
-.88 
-.98 
factormatrix 
II. 
.077 
.985 
-.426 
-.039 
.450 
.272 
III. 
.927 
.056 
-.239 
.339 
.412 
.241 
1.00 
.87 1.00 
Oblique 
I. 
-.041 
-.097 
-.953 
1.128 
.737 
factor 
II. 
.004 
1.047 
-.192 
-.346 
.253 
pattern 
III. 
1.023 
-.011 
.100 
.001 
.160 
Table V.4 Phenotypic and additive correlations between activity, running times, and 
the parameters of exploration from the home cage; results of a principal 
component factor analysis after varimax and promax rotation. The entries 
of the main diagonals in the correlation matrices are replaced Ъу the equorea 
of the multiple correlations. 
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Grooming the head. With respect to frequency of grooming the head, the additivity -
dominance model seems to be appropriate in so far as there is no strain effect in 
the W - V differences. The slope of the regression of W on V , however, deviates 
r r
 r
 r r 
significantly from unity (t - 4.16; Ρ < 0.01), indicating possible epistatic effects. 
The a and d items are significant in the analysis of variance indicating maternal 
influences and irregular reciprocal differences. Additive genetic variation could 
not be demonstrated, but dominance seems to have been present, though the latter re­
sult is not confirmed by significance of strain differences in W + V . 
Sniffing in the air. For sniffing, epistatic effects seem to have been present since 
the joint regression slope deviates from 1.0 (t • 5.73; P< 0.01). According to the 
analysis of variance, maternal influences and dominance play a role in the character, 
though for the latter no definite order of number of dominant alleles can be esta­
blished due to the epistatic effects. The inbred strains differed for breeding value 
with respect to sniffing (a). 
Sniffing at the floor or Wall. Foi this frequency genetic variation among the paren­
tal strains (a) was present. Dominance (b), maternal influences (e) and irregular re-
ciprocal effects (d) existed. The line effect of W + V almost reaches significance 
and the dominance order along the regression line of W on V , together with the or­
der in the magnitude of parental scores, are very suggestive of directional dominance 
The results of the tests on the joint regression line confirm the appropriateness 
of the model. 
Leaning. Although the F-ratio for the line effect of the W - V differences is quite 
high, it does not reach significance; consequently there is no reason to doubt the 
adequacy of the model. Also no epistatic interaction seems to have been present since 
the regression slope equals unity within the limits of the standard error. The ana­
lysis of variance very clearly indicated genetic variation among the parental strains 
and dominance, although the latter result could not be traced specifically to any one 
of the three sources. 
Rearing. According to the results of the W - V test and the joint regression analy­
sis, the model is adequate for this character and no epistasis has been present. By 
means of the analysis of variance, additive effects of genes were established and the 
strains differed with respect to the number of dominant alleles (b ). The b item, 
however, by no means reached significance. The latter result indicates that the hypo­
thesis of directional dominance for rearing, as advanced by van Abeelen (1970) cannot 
2 
be generalized, h (0.42) is quite high. This implies the possibility of a rapid se­
lection response as demonstrated by van Abeelen (1974). 
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Тштіпд. Although the W - V test yielded no significant F-ratio,the joint regression 
analysis of the V ,W graph not only revealed a slope deviating from unity, but al­
so a significant heterogeneity of regression for the two blocks. Probably the fre­
quencies of the behaviour were too low to give reliable results. Additive genetic 
variation, irregular dominance effects, maternal influences and irregular reciprocal 
differences were suggested by the analysis of variance. 
Jumping. For jumping also very low frequencies were observed. The joint regression 
analysis does not explain a significant part of the variation in V and W ; the slope 
deviates from 1.0. In the analysis of variance, the presence of maternal effects 
and additive variation were indicated. 
Walking. Maternal influences also affected the frequency of walking. Dominance (b) 
plays a role in the inheritance of walking, a finding which is confirmed by the sig­
nificance of the strain effect for W + V . Additive genetic variance was found as 
г г 
was the case in Broadhurst's (1960) work with r a t s . 
Movements and distance. For both a c t i v i t y scores there i s no W - V l ine e f f e c t , but 
' r r 
the joint regression slopes deviate clearly from unity; epistatic interaction probably 
was present. The analysis of variance revealed additive genetic variation among the 
inbred strains and dominance at some loci. Additive variation was also found by 
Henderson (1967) for frequency of interrupting lightbeams in an open field. As was 
found in walking the dominance effects were neither directional (b.), nor unequally 
distributed amongst the various strains (£„). The main source of nonadditive varia-
tion is ascribable to Ъ , probably indicating unsystematic epistatic effects. The heri-
tability for covered distance could be calculated and equals 0.3A, -a fairly high per­
centage. 
Swmary. The purpose of the study was to survey the genetic control of several 
behavioural categories simultaneously. Using a time-sampling observation method, we 
obtained nine behavioural measures amenable to analysis in addition to two measures 
of activity. A variety of genetic effects were revealed. All measures met the require­
ment that no strain effect should be present in the W - V differences, but four of 
them, together with the activity-scores, gave regression coefficients for V on V 
which differed from unity, suggesting epistasis. No epistatic effects could be demon­
strated for the following categories: sniffing at the wall, leaning, rearing, fur-
grooming and walking. In these cases the V ,W graph revealed complete dominance for 
all categories, since the intercept did not differ significantly from zero. In the 
analysis of variance, additive genetic variance was established for all behaviours 
but for grooming. Dominance effects were found for almost all behaviours. If the 
dominance effects were not just irregular, they were ambidirectional or could not 
be specified by one of the subitems. 
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One general result was obtained by the analysis of the behavioural measures 
derived from our method of categorizing: a great similarity in the genetic deter­
mination of the frequencies was found with regard to the absence of directional 
dominance (b ), suggesting that an intermediate level of phenotypic expression is 
adaptively superior to either extreme. 
111.3. PASSIVE AVOIDANCE 
111.3.1. Apparatus and procedure 
The apparatus used has been described by Jarvik and Kopp (1967). It consisted 
of a trough-shaped two compartment box, one compartment being made of plexiglass 
sheets, the other of wood painted black. The plexiglass compartment measured 6X3 cm 
at the floor and widened to 8*12 cm at the top; the walls were 20 cm high. This 
compartment was illuminated by two bulbs of 100 W from a distance of 10 cm. The floor 
of the wooden compartment measured 18X3 cm and consisted of four metal plates. At the 
top the compartment measured 18X12 cm. There were four metal sheets (9X3 cm) attached 
to the two side walls. The compartments were connected by a hole (Φ 2.5 cm) 1 cm above 
the floor, which could be closed by a guillotine door. At distances of 2 and 12 cm 
from the hole,two photo-electric cells were placed which controlled a timer. The 
latter transmitted a pulse to a shock generator which gave an electric shock of 
35/100КЛ for 5 sec to the metal sheets in the larger compartment. In the single learn­
ing trial the animal was placed into the smaller compartment, facing the hole, and 
latency of entrance into the dark area was recorded. After the punishing shock the 
animal was left undisturbed for 24 hr. The next day the animal was put into the appa­
ratus again, and latency was measured. 
111.3.2. Results and discussion 
Three litters of each genotype were tested. The following variables were ana­
lyzed: latency in the training and in the test trial and the difference between them. 
The latency observed in the learning trial may be regarded as a measure for dark 
preference; the difference constitutes an index of learning. The analysis of variance 
(Table III.l.) indicated additive genetic variance for dark preference. Dominance 
and reciprocal effects were found for all variables; the'inbred strains differed with 
respect to the number of dominant alleles they carry. Directional dominance (¿>,) was 
not demonstrated. Since neither variable showed a strain effect for the differences 
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W - V , the additivity-dominance model seems to have been adequate. But for the 
latencies in the test trial the slope of the regression of W on V exceeds 1.0; 
epistatic interaction has probably been present. The significantly negative inter­
cept of the joint regression line points to overdominance for dark preference. For 
dark preference, there is a suggestion of directional dominance in that the rank-order 
of W + V and parental means is the same. 
r r
 r 
The differences between the latencies were used as a learning index. In accordance 
with the data of Winston et al. (1967), the albino BALB mice showed the highest in­
crease in latency between the learning and the test trial. The animals learned to a-
void the dark compartment; the mean latency in the test trial for all animals was 
about 3.5 times longer than that in the training trial. Intuitively, an advantage 
should have existed in evolutionary history for fast learning to avoid dangerous places. 
This intuition was not confirmed by directional dominance for the learning index. 
The results largely confirm the findings for passive avoidance in diallel I (section 
II.2.). 
III.4. ESCAPE LEAHNING IN A RUNWAY 
111.4.1. Apparatus and procedure 
After having been tested for passive avoidance the animals were subjected to 20 
massed trials in an escape runway. The intertrial time was approximately 30 sec. If 
an animal did not reach the goal-box within 100 sec it was guided to it, and a missing 
score was recorded. The apparatus used has been described in section II.4.I. 
111.4.2. Results and discussion 
Running times. The escape times on all 20 trials were analyzed; the results of 
the analysis are tabulated in Table III.3. The mean escape times are given graphically 
in Fig. III.l. After a rapid decrease over the first few trials, the mean latencies 
of the F hybrids approach an asymptote, but the parental means fluctuate. The latter 
result is mainly due to the performances of the СЗН/HeJ and the CBA strains; C3H/HeJ 
animals even showed latencies increasing over trials. The rank-order of the individu­
al parental curves was from highest to lowest: C3H/He, CBA, C57BL, BALB and СЭН/StZ. 
Exactly the same rank-order was found for the curves of F hybrids having one parent 
in common. In all cases the F hybrids were superior to their common parents, sugges­
ting hybrid vigour. The analyses are based upon repeated measurements and may not 
constitute independent tests. Since, however, the results of the independent analyses 
of the trials showed an overwhelming similarity, one may draw inferences about escape 
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performance in general. Additive genetic variation (ώ) was revealed for all trials. 
The inbred strains differed in breeding value for escape performance. For nineteen 
trials dominance effects (b) were present. On eighteen trials item b was signifi­
cant also, suggesting unequal distribution of dominant alleles over strains. The 
V ,W graphs revealed that this result probably stems from the СЗН/HeJ strain carry­
ing by far the largest number of recessive alleles. The b item was highly significant 
for all trials except 2, 3 and 4; the directional dominance for low scores might be 
explained in terms of an adaptive superiority of fast escape performance. On eighteen 
trials maternal influences (a) were demonstrated, and random reciprocal differences 
(d) were found in all but two trials. The simple model is appropriate for the running 
times in the twenty trials in the runway as far as the tests on the differences W - V 
are concerned; only in trials 13 and 16 there is a significant line effect (Table III.3) 
For eleven trials the slope of the regression of W on V deviates significantly 
from 1.0, hence, in addition to directional dominance, there has also been epistatic 
interaction. In four additional cases the three regressions within blocks are hetero­
geneous. Four of the remaining five trials, however, yield much the same picture as 
is shown by the V ,W graphs in general. The СЗН/StZ, BALB/c, and CS7BL strains clus­
ter at the lower part of the line, the CBA strain is intermediate, and the C3H/He 
strain carries the highest number of recessive alleles. The same distribution is 
found in the parental means, confirming the directional dominance found in the analysis 
2 
of variance. The heritability estimates, h , show a decrease over trials, a finding 
which is in contradiction with the results of Broadhurst and Jinks (1961). These 
authors found heritability increasing over trials reanalyzing Vicari's (1929) results 
on maze-learning. The decrease in heritability estimates over trials does not support 
Tyler and McClearn's (1970) findings either. 
Fastest performance. The shortest escape times were determined for all animals and 
analyzed (Table III.5.). Apart from additive genetic variation among the inbred strains, 
dominance is demonstrated by the analysis of variance. The strains differed in the 
number of dominant alleles they carried (b ). The F-ratio for directional dominance 
(¿O, however, reached only the .10 level of significance. The simple model is ade-
quate since the test on W - V differences does not reach significance, nor does the 
slope of the regression of W on V deviate from unity. The intercept indicates com-
plete dominance for this characteristic. 
Number of refusals to run. The model is also adequate for the number of times the ani-
mals refused to run. Apart from nonsignificance for the tests on the differences 
W - V and the slope, the sum W + V varies over strains, indicating that some 
r r r " r r 
40 
strains carried more recessive alleles than others. The order of dominance almost 
entirely matches the magnitude of parental means, which suggests a directional domi-
nance for low scores. The intercept doe., not differ from zero, which points to com-
plete dominance. The direction in dominance was confirmed by b in the analysis of 
variance and again most strains carried dominant alleles. 
The latencies of animals which froze or escaped shock, by sitting motionless on 
their hindlegs, touching one rod only, were left out if they exceeded 100 sec. Since 
strain differences actually existed for these refusals to run, the data may be biased. 
Disregarding this shortcoming, strong directional dominance emerged for various as-
pects of successful learning, clearly indicating the adaptive value of this type of 
learning. 
III. 5. ESCAPE LEARNING IN A T-MAZE 
111.5.1. Apparatus and procedure 
The T-maze consisted of a start-box, a straight alley, two arms and two end-com-
partments, all of which had wooden walls, a removable plexiglass top, and a grid 
floor (257 rods). The start-box measured 15X20X20 cm and gave access to the alley by 
a swing door. The alley was 102 cm long, 10 cm wide and 20 cm high; at its entrance 
was a photocell which triggered a time counter. A guillotine door was situated at the 
end of the alley. Both arms of the T-maze were perpendicular to the alley and measured 
60X10X20 cm. In front of both end-compartments which weie at right angles to the arms, 
photo-cells were present which stopped the timer. Each end-compartment measured 
15X10X20 cm; a wooden box could be slid in so that the animal would be able to escape 
shock by jumping into it. A shock generator delivered a shock, 35V/100KÍ1, to the rods. 
Before training, the animal received three trials with both wooden end-boxes in posi-
tion; after these trials, 20 massed trials were given with the "safe" end-box on the 
side the animal preferred least in the pretraining trials. If the animal made an error, 
it was allowed to correct itself. Choices and latencies were recorded. If an animal 
did not reach the choice point within 100 sec, it was guided towards it. In that case 
no running time was recorded. 
111.5.2. Results and discussion 
Running timee. In Table III.4. the biometrical analyses are given for the laten-
cies recorded in the 20 trials. For all trials the differences W - V are constant 
г r 
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for all strains; Che slope of the regression of W on V , deviates from unity only 
in trials 10, 12 and 19· The additivity-Jominance model seems to be adequate; at 
most trials no epistatic interaction is found. The V , W graph indicates that the 
BALB strain carries the largest number of dominant alleles, although in this respect 
it does not differ much from the СЗН/StZ strain;the C57BL/6J and the CBA strain are 
intermediate; and the СЗН/HeJ strain carries the largest number of recessive alleles. 
Between the order of dominance and the order of means of the inbred strains, a stri­
king correspondence exists, indicating directional dominance for fast running times. 
The intercept of the regression line is negative for all trials; it never reaches sig­
nificance. A slight dispersion of dominant alleles may be present. 
For all trials, the analysis of variance provided evidence for additive genetic 
variation; this indicates that, generally speaking, the inbred strains differ in 
breeding value for running performance in a T-maze. Due to the large component of 
non-additive variation present, the estimated heritabilities, however, are quite low, 
so that selection for running performance probably would not be very successful. The 
results of all trials indicate that dominance plays a role in the inheritance of 
running time. For 15 out of the 20 trials, directional dominance (i> ) for fast running 
was established. The analysis of the regression of W on V confirms that a directio-
r г 
nal dominance existed for fast running performance. Item b is significant on most 
trials, suggesting unequal distribution of dominant alleles. In six cases irregular 
dominance factors (¿O are present. Since item с was significant for only six out of 
ó 
the twenty trials, maternal influences do not seem to have been important. 
Number of errors. For the number of errors made during twenty trials, the simple 
model seems appropriate since the differences W -V do not differ significantly over 
strains. The slope of the regression of the covariances W on the variances V deviates 
from unity, hence epistatic interaction may be present. The significant strain effect 
for the sums W + V indicates other effects beside the additive genetic variance 
shown by the analysis of variance (Table III. 5.). Random reciprocal differences (d) 
and dominance (b) were found. The dominance effects could be specified as random do-
minance deviations (b,) and directional dominance (b.) for a small number of errors. 
Number of refusals. Although the F-ratio (3.31) for the differences M - V is 
quite high for the number of refusals to run in the alley of the T-maze, it does not 
reach the .05 level of significance. The slope of regression of W on V approaches 
one, and the intercept almost equals zero; therefore epistasis seems to be absent and 
the regression indicates complete dominance. The order of dominance as established by 
the regression corresponds quite well with the order of parental scores, since the 
СЗН/StZ, HALB, and C57BL strains cluster in both. Taken together with the directional 
dominance shown by the analysis of variance, this finding suggests directional domi-
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nance for low scores. The analysis of variance further reveals distribution (b,) 
effects and random dominance (b7) effects. Additive genetic variance (a) among the 
inbred strains was demonstrated. 
For the T-maze performances, no clear learning phase existed as may be seen from 
Fig. 1. Since all animals had had escape experience in the runway before they re-
ceived training in the T-raaze, it may be expected that no improvement occurred in the 
running times. Because differences in running times between correct and incorrect 
trials were not significant, no distinction was made in the analysis between running 
times on correct and incorrect responses. 
III.6. TREND ANALYSIS OF ESCAPE LEARNING IN A RUNWAY 
In Table 1.9. the analyses of variance for several trends are given. The linear, 
quadratic, and the cubic trend components explain significant parts of the varia-
tion. These three trends were further analyzed (Table III.6.). 
For the linear trend component, interpreted as the amount the animals learned, 
additive genetic variation among the inbred strains (a) was found in the Hayman ana-
lysis. The strains carried different alleles for the genes involved in the amount the 
mice learned in an escape runway. Dominance (£>) was present, which was attributable to 
random dominance effects (b,). Directional dominance could not be demonstrated to 
exist. 
The results of the analysis of the V , W graph, confirm the absence of directio-
nal dominance. Since the W - V differences do not vary over strains and the slope 
r r J 
of the joint regression analysis exactly equals unity, the dominance order is open 
for interpretation. There is no correspondence between the dominance order and the 
order of parental means; the strain learning most (C57BL/6J) and the strain making 
least improvement (СЗН/StZ) were most dominant. (The escape performances of the 
СЗН/HeJ animals did not improve at all). The ambidirectional dominance was complete, 
since the intercept did not significantly deviate from zero. The ambidirectional domi­
nance and the additive variation found, are indicative for a history of stabilizing 
selection. An intermediate optimum would have been adaptively superior indicating 
that neither escaping fast from the beginning, nor the need to improve very much, are 
adequate ways of reacting with regard to the escape situation. 
The quadratic coefficient is interpreted as the speed of learning. Additive gene­
tic variation (a), dominance (b), and random reciprocal effects (d) were found. 
Dominance effects occurred randomly (?>,). The analysis of the V , W graph suggests 
that other genetic sources than additive ones alone, are present, since the sums 
W + V vary over strains. The model seems to be adequate, W - V being constant over 
г r
 J
 г г 
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strains. Because the slope does not deviate from unity, there is no indication 
for epistatic interaction. Interpreting dominance order and parental means, some 
ambidirectional dominance is present. Apart from the СЗН/HeJ strain, which showed 
increasing latencies over trials, the order of the parental means for the quadratic 
trend is roughly reversed compared to that of the linear coefficient. Strains learning 
a lot, also learn fast. The dominance order is reversed correspondingly. If the two 
trends are influenced by many common genes (see section IV.3.), the dominant alleles 
should not be common. This result was actually found after calculating dominance 
correlations and their factor analysis (not reported in this thesis). 
The sexes differed with regard to the quadratic coefficient. In general females 
learned faster than males. 
The cubic trend coefficient stands for irregularities in speed of learning. In 
the analysis of variance, dominance effects (b) and a difference between the sexes 
were found. Females scored higher, i.e. showed greater irregularities. The dominance 
effects largely originated from differences in the numbers of dominant alleles carried 
by the parental strains (b ). The dominance effects were confirmed by the strain 
differences for the sums W + V . The differences W - V do not vary indicating the 4
 г г г г 
appropriateness of the model, but the slope deviates from unity, suggesting epistatic 
interaction. Since the regressions are heterogeneous over blocks, no further inferen­
ces are made from the V , W graph. 
uu 
Chapter IV. BIOCHEMICAL MEASURES 
IV.1. BIOCHEMICAL METHODS 
by dvs. W.G.M. Raaijmakere 
In addition to the behavioural measurements (Chapter II and III), biometrical 
analyses were performed on brain weight, protein content, and the activities of 
acetylcholinesterase and Cholinesterase in the mice bred for diallel I and II. 
In the first experiment the animals were killed by decapitation after light 
aether anaesthesia, at an age of 80 days (+^ 1 ) ; in the second experiment at an age 
of 72 days (+2). Brains were rapidly dissected out and frozen in liquid nitrogen. 
The bulbi olfactorii were not included and the medulla was cut immediately behind 
the cerebellum. The frozen brain was put into a glass vial tightly closed with a plas­
tic cap. All brains were kept frozen at -7A С until analysis. Brain weights were 
determined from the difference in weight of the homogenization tube with buffer be­
fore and after addition of the brain to be homogenized. The buffer was a 0.IM 
Na-phosphate buffer, pH 7.95. Homogenization was done in a Potter-Elvehjem type ho­
mogenization tube, with a motor driven teflon pestle. The tube was cooled in melting 
ice. Determination of acetylcholinesterase (AChE: E.G. 3.1.1.7) and Cholinesterase 
(ChE: E.C. 3.1.1.8) activity was done with a colorimetrie method as described by 
Ellmann et al. (1961) and modified by Bennett et al. (1964b). Specific substrates and 
inhibitors were used as described by Klingman et al. (1969). Acetylthiocholine iodide 
was used as substrate in the analysis of AChE, and ethopropazine-HCl was added as an 
inhibitor of ChE . Butyrylthiochnline, iodide was used as the substrate in the ana­
lysis of ChE and BW284C51 was added to inhibit the AChE activity. The enzyme activi­
ties were determined by triplicate analyses on a Zeiss FMQII Spectrophotometer with an 
automatic cuvette positioner thermostated at 37.0°C. The samples were pre-incubated 
for 10 min, the substrate added and the reaction rates recorded for 10-12 min. Enzyme 
activities were calculated from the increase in optical density at 412 nm as a function 
of time. The triplicate determinations usually agreed within 3 percent for AChE and 
3-5 percent for ChE. Enzyme activities were calculated as nmoles of substrate hydro-
lized per minute per mg brain. In the second experiment Triton X-100 was added to three 
independent samples of the homogenate in a final concentration of 0.5 percent, to 
solubilize the AChE. After centrifugating the samples in a Sorvall RC-2B centrifuge 
(SS-34 rotor, 15.000 rpm, 15 min, 0-4°С) the AChE activity of the resulting supernatants 
Ethopropazine HCl, Farsidol® , was provided by the Warner-Lambert Research Institute 
Morris Plains, New Jersey, research affiliate of Warner-Chilcott Laboratories. 
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was determined as described. By this method AChE is solubilized nearly completely 
and the enzyme activity is increased about 20 percent. 
The protein content was determined on three independent dilutions of the original 
homogenate by the method of Lowry et al. (1951). As Triton X-100 interferes with the 
protein determination, it was done on the original homogenate. Bovine serum albumine 
was used as a standard. For the determination of ChE activity the homogenate without 
Triton was used also. 
IV.2. BRAIN WEIGHT, PROTEIN CONTENT AND THE ACTIVITY OF AChE AND ChE 
in collaboration with drs. W.G.M. Raaijmakers 
In the mice of the first diallel, three variables were measured and analyzed: 
brain weight, the activity of AChE per mg brain weight, and ChE activity per mg 
brain weight. Unfortunately, the individual numbering of the mice was irretrievably 
lost during the biochemical analysis and record was kept of sex and genotype only. 
Therefore the biometrical analysis could not be performed the usual way, but the 
effects were tested against reciprocal effects (c and d). {cf. Wearden, 1964). 
For brain weight, no additive variation (a) was found (F , - 1.39; Ρ > .25), 
ч ,4 
but maternal influences (c), probably, were present (F = 4.85; P < 0.5). The gene-
4.0 
ral test for dominance effects (b) did not reach significance (F » 3.91; 
1U ,o 
. 0 5 < P < .10); the test for directional dominance, however, did (F, , - 27.57; 
1 ,o 
Ρ < .01). Directional dominance for high brain weight was present. 
AChE activity showed neither additive genetic variation (F. , - 3.25; Ρ > .10), 
4,4 
nor maternal influences (F. , = 1.97; Ρ > .10). General dominance effects were not 
4,0 
found (F , • 3.85; .05 < P < .10), but directional dominance for high activity, 
lU,b 
probably, was present (F · 25.89; P < .01). 
1 ,b 
ChE activity only showed additive variation (F = 6.39; Ρ < .05). 
4,4 
In diallel II six variables were analyzed (Table IV.1.): brain weight, the total pro­
tein content, the total activity of AChE, the activity of AChE per mg brain weight, 
the total activity of ChE, and the activity of ChE per mg brain weight. 
For brain weight, the inbred strains showed additive genetic variation (a), 
dominance effects (b) and maternal influences were present. Like in diallel study I, 
directional dominance for high brain weight was found. Neither blocks nor sexes were 
significantly different, though males had somewhat heavier brains. Henderson (1973) 
found the reverse, but also insignificant, result. The analysis of the V , W graph 
revealed the adequacy of the simple model (W - V differences), but the joint re­
gression line did not explain a significant part of the variation in W . The results 
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of the graph can therefore only be suggestive. The slope deviated from unity (epis-
tatic interaction) and the rough correspondence between dominance order and the paren­
tal means confirmed the directional dominance found. Within the theory of Mather 
(section I.I.4.), the directional dominance and the possible existence of epistasis 
indicates adaptive superiority of high braip weight, which might have resulted in 
directional selection for larger brains in evolutionary history. 
As was expected the biometrical analyses of the total protein content gave re­
sults which mirrored those of brain weight. Directional dominance for large contents 
and, possibly, epistatic effects were found. The sex differences were significant for 
protein content; male brains contained more protein than female ones. The orders of 
dominance and parental means matched those for brain weight quite well. 
The total activity of AChE in the brain showed additive genetic variation and 
directional dominance for high scores. This directional dominance was confirmed by the 
reversed correspondence between the dominance order and the parental means. No epis­
tatic interaction was found by the V , W graph, which met with all the requirements 
imposed on it. Sex differences were not found. 
The analysis of the activity of AChE per mg brain weight, revealed that the direc­
tional dominance in total AChE activity probably was due to the directional dominance 
in brain weight. The b^ item is by no means significant for the concentration measure. 
The analysis of the V , W graph could not give strong results, since no significant 
part of the variation is explained by the joint regression line. The suggested domi­
nance order indicates ambidirectional dominance, when compared with the parental 
means. 
The sexes differed for the activity of AChE per mg brain weight. As was to be expec­
ted, male brains show less activity per mg brain weight than female brains do. 
The breeding value of the total activity of ChE in the brain was different for 
the various strains (a). Beside random reciprocal effects dominance effects were re­
vealed in the analysis of variance. The blocks of consecutive litters differed {Blocks). 
The V , W graph met with all requirements, i.e. no strain differences were present 
for the differences W - V , and the joint regression line explained a significant 
part of the variation. Intermediate scoring strains were most dominant. This dominance 
for an intermediate optimum, and the additive genetic variation found, suggests a 
history of stabilizing selection according to Mather's theory (section I.1.4.). 
The biometrical analyses of the ChE activity per rrg brain weight, gave results 
which did not contradict those of the total activity. Additive genetic variation among 
the inbred strains (a) and random dominance effects (b ) were found by the analysis of 
о 
variance. The V , W graph suggested thñt dominance was incomplete (positive inter-
cept), and that epistatic interaction was present; this could explain the random 
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dominance effects found. 
IV.3. CORRELATIONS BETWEEN ESCAPE LEARNING, BRAIN WEIGHT, PROTEIN 
CONTENT AND THE ACTIVITIES OF AChE AND ChE 
The phenotypic correlations between the three trend components of escape learning 
(cf. section III.6.), the escape performance in the last trialblock, brain weight, 
protein content and the total activities of AChE and ChE were calculated from the 
blocks of sums and entered in Table IV.2. The entries of the main diagonal were re-
placed by the squares of the multiple correlations. On the matrix a factor analysis 
was performed following the method of principal component extraction. Orthogonal 
(varimax) and oblique (promax) rotation was done on the resulting four factors, which 
explained 82 percent of the variation. The maximum varimax value, .400, was reason-
ably high. Brain weight, protein content and AChE activity loaded high on the first 
factor; the improvement in escape performance and speed of learning, loaded on the 
second factor, while the irregularity in speed of learning was split off and loaded 
on the fourth factor. Final escape performance loaded high on the third factor. ChE 
activity did not load high on any factor. 
The additive correlations were calculated from the variance of the parental arrays 
of the blocks of summed scores. After the same procedure (principal components; vari-
max; promax) 95 percent of the variation was extracted by three factors; the maximum 
varimax value equalled .359. In accordance with the phenotypic coherence found pre-
viously, brain weight, total protein content and total AChE activity were found to 
be genetically related. Since all three variables loaded very high on the first fac-
tor extracted from the genetic correlations,they may have a large subset of genes in 
common. The phenotypic partitioning between the trend coefficients was not found in 
the factor analysis of the additive correlations. The three coefficients loaded high 
on one factor (the second), indicating that they have genes in common. Final escape 
performance loaded high on the third factor, and seems to have many genes in common 
with ChE activity. The three trend coefficients load on this factor as well as does 
AChE activity (see chapter VI.). In addition to the gene pool shared by the learning 
indices exclusively (second factor), they have also some genes in common with final 
performance, AChE and ChE activity. 
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Chapter V. BEHAVIOURAL MEASURES OF DIALLEL III 
V.l. ANIMALS 
The experiments of the third dialisi study were conducted with 119 mice, 
58 males and 61 females. Males of four inbred strains of mice - СЗН/StZ ("Z"), 
СЗН/HeJ ("H"), BALB/c ("B"), and C57BL/6J ("5") (Staats, 1972) - were mated with 
females of all strains to produce 32 litters with both sexes. Litters with only one 
sex were rebred. The breeding animals were provided by the Central Animal Labora­
tory of the Catholic University of Nijmegen, the Netherlands. The two litters 
produced for each cross were assigned consecutively to blocks of the analysis of 
variance. 
The experimental animals were weaned 21 days after birth and housed indivi­
dually in small (18X12X13 cm) macrolon cages. The cage floors were covered with 
Sol Speedy Dry, instead of sawdust. The animals were maintained at 25 С in an air 
conditioned room. Light was on from 8.00 hr till 20.00 hr. Food pellets and water 
were available ad lib. 
V.2. CIRCADIAN RHYTHM IN ACTIVITY 
V.2.1 Apparatus and procedure 
Activity was recorded automatically from 14.00 hr till 10.00 hr at the moment 
the animals were 33-34 days old. Thereto at approximately 10.30 hr, a plexiglass 
partition wall was placed in their home cage at equal distances from the two smaller 
walls, blocking the whole breadth and height of the cage. This wall separated the 
water-nipple and the food stock. It consisted of two plexiglass plates, 2 cm apart, 
connected by a plexiglass tunnel (.Ф 2.5 cm). In this tunnel a photo-electric cell 
vas placed. The number of interruptions of the lightbeam was recorded by a print 
out counter (Sodeco CI262 Campden Instr.) and printed each 15 min. 
V.2.2 Results and discussion 
The number of interruptions within periods of two hours were analyzed. The 
curves of the means of the inbred strains (F.) and of the means Of the hybrids (F.) 
are set out graphically in Figure V.l. The F hybrids were more active than the in­
bred animals. The curves of the means of the parental strains are drawn in Figure V.2. 
These curves have diverse shapes, the peak activities occurring at different times. 
Some strains seem to have one peak, others two peaks of activity. 
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The analyses of the ten blocks of two hours are tabulated in Table V.1, 
Additive genetic variation among the inbred strains is found in blocks 16.00 hr -
18.00 hr; 18.00 hr - 20.00 hr; 4.00 hr - 6.00 hr and 6.00 hr - 8.00 hr. The strains 
do differ in breeding value for the activity preceeding the onset of the dark period 
and the activity preceeding the end of this period. Directional dominance for high 
scores was found for the activity in the very first hours of the dark period. Direc-
tional dominance for loy activity was found in the very last hours of the dark. The 
results suggest that in evolutionary history an intermediate level of activity might 
have been highly adaptive in the period preceeding the onset of darkness, while af-
ter the onset of darkness a high level of activity might have been adaptively superi-
or {of. section 1.1.4.). With respect to activity in the afternoon and the middle 
of the night the analysis of variance only revealed significant dominance effects 
in the blocks 22.00 hr - 24.00 hr and 2.00 hr - 4.00 hr. For most of the blocks 
neither sex differences, nor interactions of sex with genotype were present. In the 
hours 6.00 - 8.00, i.e. before the onset of the light period, interactions were 
found between sex and additive variation and dominance. 
The analyses of the V , W graphs indicate that the activity scores do not nor-
mally conform to a simple model. The last four hours yielded strain differences for 
the differences W - V ; the slope of the regression of W on V deviated from unity 
r r' r " r r J 
in three additional blocks (16.00 hr - 18.00 hr; 18.00 hr - 20.00 hr; 2.00 hr - 4.00 
hr); a significant part of the variation was explained by the joint regression line 
in blocks 20.00 hr - 22.00 hr; 4.00 hr - 6.00 hr and 6.00 hr - 8.00 hr. Only the re-
sults of blocks 20.00 hr - 22.00 hr (the onset of the dark period) and 4.00 hr -
6.00 hr can be interpreted. In both cases the intercept of the regression line is 
negative and deviates from zero; dispersion of genes is probably present. The direc-
tional dominance for high scores after the onset of the dark period (20.00 hr - 22.00 
hr), which was found in the analysis of variance, is confirmed by the reversed 
correspondence between the dominance order and the order of the parental means. For 
the activity between 6.00 hr and 8.00 hr, the correspondence between dominance and 
parental order suggests directional dominance for low activity, as was found in the 
analysis of variance. 
V.3. TREND ANALYSIS OF ACTIVITY 
The components of the variation explained by five trend coefficients, linear, 
quadratic, cubic, quartic and quintic were tested (Table I.9.). None of the F-ratios 
reached significance. From the analyses of the individual blocks it was suggested 
that different genetic systems influence activity during different times of the day. 
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This might be an explanation of the negative results obtained in the trend analysis. 
In order to test this hypothesis, the interactions of the various effects with ac-
tivity blocks were calculated, and tested against replications (Table V.l.). Highly 
significant interactions were found between all effects and the periods, providing 
strong support for the hypothesis. The activity of a mouse in its familiar environ-
ment seems to be determined by different genetic systems on different times of the 
day, suggesting that from a genetical point of view, activity for instance in the 
afternoon is different from activity immediately after the beginning of the dark 
period. The existence of several, more or less independent genetic systems, could 
explain in part the great variation in the order of magnitude of the mean parental 
activity scores. 
V.4. EXPLORATION FROM THE HOME CAGE 
V.4.1. Apparatus and procedure 
After the activity measurement, the animals were given the opportunity to ex-
plore the environment of their home cage. Thereto the cages were placed individually 
in a large box (75X75X75 cm). After removal of the cover of the cage, two connec-
ting ladders were fixed at one of the smaller ends of the cage. The ladders consis-
ted of plexiglass plates with holes (2X1 cm), 3 mm apart. The ladder inside the cage 
(15.5X3 cm) connected the bottom of the cage with the top of its smaller side wall 
at an angle of 57 . The ladder outside the cage (18.5X3 cm) connected the bottom 
of the large box with the same point at an angle of 45°. Times were recorded from 
the moment the ladder was brought in up to the first time the animal stepped onto 
the ladder with all four paws, and from the moment the ladder was brought in up to 
the first time the animal had all four paws on the bottom of the large box. If these 
periods of times exceeded 15 min, the experiment was stopped and the scores remained 
unknown. 
V.4.2. Results and discussion 
The proportion of mice in each litter leaving the cage within 15 min, was inter-
preted as the chance that mice of that genotype would leave. The proportion was used 
as a rough operationalization of the tendency of mice of a given genotype to explore 
the environment around the cage. The analyses of these indices -the first time on 
the ladder and the first time the cage was left- are entered in Table V.2. 
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As might be expected, the tendency to explore and the time of leaving the 
home cage are highly similar qua analytic results. Additive genetic variation (a) 
and random reciprocal effqpta (d) were found in the analysis of variance. The strains 
differed for the number of dominant alleles they carried (b„). Directional dominance 
(£>.) was not demonstrated. The analyses of the V , W graphs, however, both suggested 
a directional dominance for high tendency to leave the cage or to leave it within a 
short period of time. The significantly negative intercepts in both analyses indicate 
dispersion of genes. 
The period of time that passed ЪеЬаьеп the placing of the ladder and the moment 
the animal climbed i t , only showed random dominance effects (b ) and a negative in­
tercept of the regression line of W on V . Both findings indicate dispersion of 
genes. The correspondences between dominance order and parental means again suggest 
directional dominance. Since the results of the analyses of variance and of the V , 
W graph contradict each other for the three variables analyzed, no attempt is made 
to interprete them in ίεήηβ of the theories presented in Mather (section 1.1.4,). 
V.5. ESCAPE LEARNING IN A TRIANGULAR RUNWAY 
V.5.1. Apparatus and procedure 
To avoid the handling necessary in the apparatus used in diallel I and II (sec­
tion II.4.1.), a triangular runway was designed. Three runways (100X5X5 cm) formed 
a equilateral triangle. The angular points of the triangle consisted of three boxes 
(9X14X5 cm) which were used as start-box as well as end-box; they were connected to 
the alleys by switchdoors. The floor of the apparatus consisted of 462 electrifiable 
steel rods, 142 per corridor, 12 per box. The walls were faced with electrifiable 
aluminium plates. The tops of the alleys and the boxes were made of plexiglass. The 
two switchdoors at the beginning and end of an alley, were manipulated by cords. At 
the beginning and end of an alley, photo-electric cells were placed, which could 
start or stop an electronic time counter. 
After the exploration described in V.4. the animals were placed individually 
into one of the boxes. The grid floor of this box and the next alley (on the left 
hand side) were electrified by 35V/100KÍÍ and the switchdoors to that alley were 
raised immediately so that the animal could escape to the next (not electrified) box. 
After entering the alley the first switchdoor was lowered; the end-door was lowered 
when the animal had entered into the goal box. Afterwards the running time was re-
corded, the counter reset and the next trial inmediately started. All animals re-
ceived 40 trials. 
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V.5.2. Results and discussion 
Ten blocks of four trials each were analyzed; the results are tabulated in 
Table V.3. The mean running times of parents and F hybrids are set out graphically 
in Figure V.3. On the average the parents scored lower than their hybrid offspring, 
a finding which is in complete contradiction with the results of escape learning 
in diallel II (section III.4.). 
Neither maternal influences (e), nor random reciprocal effects (d) were signi-
ficant in any trial block. Additive genetic variance (a) was found for trial blocks 
4, 7 and 8; dominance (b) was present in all trial blocks. The dominance effects 
were normally attributable to random dominance effects (b ), in trial blocks 3 and 4 
item b, was significant, indicating that at this stage the parents differed in the 
number of dominant alleles involved in escape performance. Neither blocks, nor 
sexes differed significantly, although SXa interactions occurred in trial blocks 7 
and 9. 
The sums W + V never differed for the strains; these results suggest the ab-
sence of other effects than additive variation. The dominance found by the analysis 
of variance was not confirmed by the V , W graph. The differences W - V never 
J
 r r r r 
differed for the various strains, indicating the appropriateness of the model. In 
trial blocks 4 and 5, no significant part of the variation was explained by the joint 
regression line; the regressions of W on V were heterogeneous over blocks in trial 
block 5; the slope of the joint regression line deviated from unity in trial blocks 
3, 5 and 6. In the remaining trials the correspondence between dominance order and 
parental means, suggests directional dominance for low scores. Again the results of 
the analysis of variance and the analysis of the V , W graph, do not confirm each 
other and none of them gives clear results, which might be interpreted in terms of 
the theory presented in section 1.1.4. Dominance is probably complete, since all in-
tercepts do not deviate from zero. The analysis of the sum of all trial blocks means, 
confirmed the conclusions arrived at in the analysis of the individual trial blocks. 
V.6. TREND ANALYSIS OF ESCAPE LEARNING IN A TRIANGULAR RUNWAY 
In Table 1.9. the analysis of variance explained by the various trends is given; 
none of the coefficients explains a significant part of the variation in compari-
son to the total error variation. No further analyses are reported because of this 
->bsence of significance. As has been done in section V.3., the interactions of the 
various items with trial blocks were examined. Significant interaction between addi-
tive genetic variation among the inbred strains and trial blocks was found. At differ-
53 
ent stages of the experiment, differ^rit parts of the genetic background of the in-
dividuals were involved in the determination of the escape behaviour. Interaction 
was found between the trial blocks and directional dominance; this interaction could 
not be traced back in the individual trial blocks. The hypothesis is forwarded that 
this phenomenon might occur, if the learning processes proceeded asynchroneously in 
mice with different genotypes. 
V.7. THE CORRELATIONS BETWEEN ACTIVITY, ESCAPE PERFORMANCE AND 
EXPLORATION FROM THE HOME CAGE 
Phenotypic correlations were calculated between the total number of times the 
lightbeam in the home cage was interrupted from 14.00 hr till 8.00 hr, the sum of 
the escape latencies, and the three variables describing exploratory behaviour from 
the home cage. The entries of the main diagonal of the correlation matrix were re-
placed by the squares of the multiple correlations which were used as an estimate 
of the communality (Table V.4.). On the matrix a factor analysis was performed 
following the principal component extraction method. Afterwards orthogonal rotation 
(varimax method) and oblique rotation (promax method) was performed. 79 percent of 
the variance was extracted by three factors and the maximum varimax value was .405. 
The three factors found, represented the three experiments, although the separation 
was not clear. Strangely enough, the variables of exploratory behaviour did not coin-
cide with activity. Activity is negatively correlated with the chance of leaving the 
home cage, and positively correlated with the period between placing of the ladder 
into the home cage and leaving the home cage. 
The additive correlations confirmed the findings from the phenotypic correlations. 
After the extraction and rotation procedures, three factors evolved again, explaining 
all variance. The maximum varimax value was .346. The separation between the activi-
ty measurement and exploratory behaviour was found to be complete (factor I and III) 
on the basis of genetic correlations. Activity and exploratory behaviour probably 
did not have many genes in common. The additive correlations between the variables 
generally might make up for the phenotypic correlations found. The results of the 
analyses of the correlations, strongly indicate that activity and exploratory beha-
viour are separate and uninterchangeable concepts. 
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Chapter VI. GENERAL DISCUSSION AND SUMMARY 
In three diallel studies, involving 157 litters, ten behavioural experiments 
were performed, and four physical or biochemical characteristics were measured. 
108 variables were investigated by the analysis of variance reported by Hayman (1954a) 
and by the analysis of the V , W graph, reported by Jinks and Hayman (1953). The 
behavioural experiments of the three studies might be grouped in three categories, 
which are -intuitively- more or less coherent: activity and explorative behaviour; 
passive avoidance teaming·, escape Xeaming. None of the studies, however, was a 
strict replication of a previous one. The ages of the animals were different, or 
different apparatuses or procedures were used. 
In general, the concepts of activity and exploratory behaviour are considered 
to be interchangeable. In this thesis, a distinction was made between activity 
measured in a new environment (diallel I and II), and activity measured in the home 
cage. In the first diallel study a rough index of activity was analyzed, viz. the 
number of times the lightbeams of the photocells were interrupted in an H-maze. 
This index is comparable with the number of movements and the distance covered in an 
open field (the second diallel study). In both studies ambidirectional dominance was 
found in combination with epistatic interaction. Since the population studied in the 
first diallel study was identical to the set of crosses studied in the second diallel 
st'udy, it is allowed to compare estimated heritabilities. Heritability in narrow 
sense with respect to activity, obtained in the first study (.36) is quite similar 
to heritability in narrow sense with respect to distance, obtained in the second 
study (.34). The most important finding in these measures of activity in a new environ-
ment, and the frequencies of the behaviours displayed in an open field, was the con-
sistent absence of directional dominance. This result 'suggests a history of stabili-
zing selection for genes involved in activity in a new environment. This stabilizing 
selection would have resulted from the adaptive superiority of intermediate activity 
(c/. section 1.1.4.). 
In the third diallel study activity in the home cage (using photocell interrup-
tions), and exploratory behaviour from the cage were measured. The genetic architec-
ture of the activity measures was not uniform over the experimental period: genotype X 
daytime interaction did exist. The most important finding again was that directional 
dominance did not occur for activity and exploratory behaviour. An exception, however, 
has to be made for activity after the onset of the dark period. The overall absence 
of directional dominance might suggest the interchangeability of the concepts activi-
ty and exploratory behaviour. 
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From an ethological point of view, exploratory behaviour in a novel environ­
ment may be considered to arise from exploratory drives and escape attempts. In some 
animals activity in an open field would be predominantly determined by exploration 
of the new environment; in more frightened animals, activity would be largely consti­
tuted by escape attempts. Exploration from the home cage would be induced by explo­
ratory drives. Activity in the home cage would be an indication of general activity 
and activity arising from eating and drinking behaviour. According to this reasoning 
it is not to be expected that behaviour in open field, exploration in the home cage, 
and activity in the home cage, are identical or similar behaviours. Correlations 
between the last two behaviours, -exploration from the home cage and activity in the 
cage-, were analyzed in chapter V. In section V.7. the conclusion was made that these 
two "activity" measures did not have many genes in common. 
Activities in different situations may be influenced by different polygenes. De­
pendent from situation or even from time, activity may be a different thing, from 
an ethological as well as from a genetical point of view. The activity measured inme-
diately after the onset of the dark period may have partly arisen from feeding be­
haviour. Extreme phenotypic expression of feeding behaviour should be adaptively supe­
rior, resulting in a directional selection which would explain the directional do­
minance found. It is suggested that rough indices of activity, like interruptions of 
lightbeams, may measure completely different things in different situations. 
Passive avoidance learning was measured in mice of one month old and mice of 
two months old. The two apparatuses used differed quite a lot. Because of these differ­
ences, no strong comparison can be made. The latencies on the training trial, inter­
preted as dark preference, showed additive genetic variation and dominance effects 
in both cases, though no directional dominance was found. Epistasis, found in both 
cases for the latencies on the test trial, was not present on the training trial. 
The parental mean of the СЗН/HeJ strain, which was highest in the first experiment, 
was lowest in the second one. The dominance orders of the two experiments do not com­
pare very well. The results do not allow firm conclusions about the genetic determi­
nations of dark preference. 
In both studies the differences between acquisition and retention trials, inter­
preted as index of learning, revealed dominance effects in the analyses of variance. 
The dominance orders found compare quite well, but the parental means are almost 
completely reversed, indicating the incomparability of the two experiments. Subsequent­
ly, more research would be needed to draw firm conclusions on the genetics of passive 
avoidance learning. 
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Escape behaviour was measured in four experiments. Escape performances in a run­
way were measured twice (diallel I and III) in mice of one month old. In mice of 
two months old, escape performance was measured in a runway and a T-maze (diallel II). 
A striking difference was found in the genetical architecture of escape performances 
of the younger and the older animals. Directional dominance for low latencies was 
clearly present in the runway and T-maze experiments of diallel II. This directional 
dominance was seldom found in the escape performance of the younger animals. Geno­
type X age interaction seems present with respect to escape performance, the magnitude 
of which is suggested by the comparison of Figures II.1., III.]., and V.3. In the 
younger animals almost no differences exist between the parental strains and hybrids. 
Enormous mean differences exist in animals of two months old. These differences can 
largely be ascribed to two parental strains, the CBA strain and the СЗН/HeJ strain. 
In two experiments (the runway experiments of diallel I and II) escape learning 
was analyzed by means of a trend analysis. The three trend coefficients analyzed, 
i.e. linear, quadratic and cubic, showed different results for the two ages. Ambidi-
rectional dominance was found in both cases for the linear coefficient, which was in­
terpreted as amount of improvement in escape performance. In both experiments the 
adaptive superiority of intermediate values resulting in stabilizing selection is 
suggested. Epistatic interaction was not found in either of the two experiments. How­
ever, the dominance orders did not match at all, and the extreme positions of the 
СЗН/HeJ and the C57BL/6J strains in the order of parental means, were reversed. These 
factors suggest an interaction between age and the gene's involved in the amount of 
improvement in escape performance. 
The analyses of variance of the quadratic coefficients gave different results 
in the two experiments. At the age of one month directional dominance for high speed 
of learning was found; directional dominance for this index was completely absent in 
mice of two months old. It is suggested that fast learning might be more advantageous 
for young animals than for older ones; for older animals an intermediate optimum 
seems to be of adaptive advantage. Dominance was complete in both cases. The orders 
of dominance differed for the two ages, as did the orders of the parental means. 
In both experiments, however, a striking coincidence exists between the orders of 
parental means of the linear and quadratic coefficients. Except for the СЗН/HeJ strain 
in the second diallel study, parental orders of the linear and the quadratic components 
are reversed, indicating that mice showing a large amount of improvement, also learn 
fast. This relation has been traced to a genetic basis, since in both experiments the 
additive correlations showed that linear and quadratic coefficients load high on one 
factor. 
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For the cubic trend, genotype X age interaction seems to be present as well. 
Although the analyses of variance showed more or less the same picture,-dominance 
effects-, the parental means did not have the same orders in the two experiments. 
Moreover, the factor analyses of the additive correlations suggested that irregulari-
ties in speed of learning had more genes in common with the first two trends at an 
age of two months, than they did at the age of one month. The suggested genotype X 
age interactions ask for more systematic research. Their regular occurrence suggests 
a more important role of interactions between genetics and other influences on be-
haviour than is generally thought, as has been argued by Henderson (1969) as well. 
From a genetical point of view, activity of AChE was not found to be clearly 
related to the simple learning behaviour studied. This may be in part the reason of 
the failure of the Berkeley group to consolidate earlier findings on the relation 
of AChE and learning {cf. Rosenzweig 1971). ChE activity, however, is -at least in a 
genetical sense- closely related to escape performance. The results do not justify 
an explanation of this relationship in terms of causality. 
In general it is felt that the results of the studies emphasize the need for 
broader designed experiments, involving not only genetical variation, but also age 
differences and situational variation. The interrelations between variables might 
evolve more clearly from a multivariate analysis of variance. A preliminary multi-
variate analysis of the results of a set of diallel crosses has been presented by 
Fulker et al. (1972). 
59 
APPENDIX 
THE VARIANCE COMPONENT MODEL 
In b (u=l b) blocks of all n' crosses of η (r,s-l,...,n) inbred strains 
we parametrize the observed variable y (where the first subscript refers 
r
 "rsu 
to the strain in the maternal role and the second subscript refers to the 
strain in the paternal role), by defining the following parameters: 
α - ¿7 + к 
Г г г (with л = J and к - - к if г • s) 
S - J * k τ s 
s s s 
to denote the additive etfects of the (genetic) contribution of strain г in the 
maternal role (a ) or in the paternal role (0 ) and the random block effect (γ ). 
The common genetic effect is expressed by J and the differential effect of strain 
r in the maternal or paternal role is expressed by 2k . 
Then the model may be assumed: 
V. , ,=μ + j + Π + 3 j + к - к + kk + γ + jy + jy + jjy + ky 
"lirsu) r "s ""rs r s rs 'u 'ru "'su ""'rsu ru 
- ky + kky + ε-, . 
su rsu г(гзи) 
where у = score of the i animal of litter u produced by mating a female of 
î.(rsu) r ' Б 
strain r with a male of strain s 
З' ™ deviation attributable to strain r 
З'з' » genetic interaction in crosses rs and sr; jj = jj 
2k » difference between the effects of strain r in the maternal 
role and strain r in the paternal role 
kk " interaction in cross rs between parental role effects; kk = - kk 
rs rs sr 
γ " deviation attributable to block u 
u 
^ r u ' ^ s u ' ^ r s u ' ^ ru* ^ s u '
 kky
rsu
 a r e i n t e r a c t i o n s
 between the ment­
ioned effects and the random blocks, E¿( r s u) is a r a n d ° m variable for littermate i. 
Factors J and К are considered fixed, factor В is random. 
Then: Σ j - Σ jj = Σ jj = Σ к = Σ kk = Σ kk = Σ jy = Σ jjy - Σ jjy 
τ "Τ τ "'•'rs s rs r r r rs s rs r ru г " r s u s ""'rsu 
Σ ky = Σ kky = Σ kky =0 
r ru r rsu s rsu 
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Considering the model only for a single littermate per cross, vre drop the subscript i 
and assume the ε to be independent normally distributed (Ο,σ2)· 
Then analogically to the derivation given by Wearden (1964) and defining 
variances the way Cornfield and Tukey (1956) do, the expected mean squares 
are found. 
degrees of freedom 
(n-1) 
In(n-I) 
(n-1) 
i(n-l)(n-2) 
(b-1) 
(b-l)(n-l) 
Jn(b-l)(n-l) 
(b-1)(n-1) 
J(b-l)(n-l)(n-2) 
(b-lHn1-!) 
Then: j' can be tested by the F-ratio: ΰ/ιβ 
м5 ÔÔ can be tested by the F-ratio: b/,s; 
rs ' MS,7 . bl-*b 
к can be tested by the F-ratio: c/~ 
г MS,-blxc 
ITEM 
a 
b 
с 
d 
Block 
Ы*а 
bUb 
bUo 
blxd 
blxtotal 
Ш 
c
1 
e 
σ
2 
e 
σ
1 
ε 
σ
2 
e 
σ
2 
ε 
< 
σ
2 
ε 
σ
2 
ε 
ο
2 
ε 
σ
2 
? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
2η 
2η 
η-1 
2η 
2 
η
1 
2η 
2η 
η-1 
2η 
2 
σ
2
. 
0У 
"öóy 
°b 
akky 
о
2 
Τ 
°¿y 
"iïy 
•ÎCY 
°kky 
+ 
+ 
+ 
+ 
2nb σ2. 
J 
2nb , 
2nb o2fc 
2b 0 U 
kk can be tested by the F-ratio: d/ji 
rs ' MS bUd 
γ can be tested by the F-ratio: Block/¿i 
u HSblxtotal 
where the estimated MS are derived from the stuns of squares which are tabulated 
in Table 1.1. A completely worked out example is to be found in Hayman (1954b). 
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STELLL'GbN 
1. Akciviteit wordt bij dieren vaak gemeten met het aantal lalen dat de lichtstraal 
van een foto-elektrische cel wordt onderbroken. Er bestaan redenen om aan te ne­
men dat men daarmee op verschillende tijdstippen van de dag geheel andere gedra­
gingen meet. (dit proefechmft) 
2. De resultaten van de renweg-exporimenten die in dit proefschrift worden beschre­
ven, onderstrepen het belang van onderzoek naar interakties tussen genotype en 
leeftijd. 
3. Verschillen tussen individuen bij het aanleren van een gedrag kannen op andere 
genetische verschillen berusten dan individuele verschillen in de uitvoering van 
dit gedrag, wanneer het eenmaal geleerd is. (dtt propfichrtft) 
4. Veel srhijnbaar tegenstrijdige resultaten van psycholopisch onderzoek komen voort 
uit het verontachtzamen van genetische variatie ' •r. Henderson,N.D. ΛηηαΙΰ N.¥. 
Aaaa.Sn., 1969,203,860-86?; 
5. De grote populariteit van nature-nurture ratio's doet een grote generaliseerbaar-
heid van die maten vermoeden. Theoretische overwegingen en experimentele resulta­
ten lelden echter tot de konklusie dat die generaliscerbaarheid slechts zeer ge­
ring is. 
6. Het stellen van kriteria in leerexperimentatie vooronderstelt niet alleen een 
grote kennis van het te onderzoeken proces, maar kompliceert vaak ook de data-
analytische verwerking van de resultaten onnodig. 
7. Het toetsen van mathematische leernodellen op grond van groepsgemiddelden mis­
kent een belangrijke determinant van variatie in leergedrag, genetische ver­
scheidenheid. 
8. Korrelaties tussen gedragingen zijn waarschijnlijk vaak afspiegelingen van ge­
lijkheid in de genetische grondslagen van die gedragingen. 
9. Onderzoek van gedragsdevianten en gedragsontwikkeling dient grote landacht te 
besteden aan individuele eigenheid en verscheidenheid. Tn de klinische psycho­
logie en de ontwikkelingspsychologie (genetische psychologie) dienen de differ­
entiële psychologie en de gedragsgenetika dan ook een duidflijke plaats in te 
nemen. 
10. Aangepast onderwijs dient niet alleen qua onderwijsvorm, maar ook qua onder-
wijsinhoud aangepast te zijn. 
11. Het valt te betreuren dat de tweede geldstroom zo weinig sociale zekerheid kan 
bieden aan onderzoekers, wier werkgelegenheid van subsidies afhankelijk is. 
12. Het is onnodig dat in experimentele proefschriften, die steunen op in principe 
toegankelijke theorieën, deze theiiieën in extenso uiteengezet worden. 
13. Er bestaat een positieve relatie, zo geen oorzakelijk verband, tussen de bereik-
baarheid van automatische rekenapparatuur en het percentage onzinnig gebruik van 
deze apparatuur. 
14. ledere vooruitgang heeft zijn schaduwzijden. De uitvinding van het wiel en het 
koncept verwachte waarde zijn hier uitstekende voorbeelden van. 
15. Statistiek betekent onmacht. 
16. R.A. Fisher verdient een standbeeld. 
17. De woorden "bezet" en "bezeten" zijn niet alleen taalkundig verwant. 

